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ThiifS study contains anal^^s <^f trends in the level 
of 'university research and development expenditures in the sciences 
a,nd engineering fron 1964 -through 1^73, Tlfe report is divided into' * 
three nain sections: (1) current research and development 
expeiiditures in the sciences and engi^neering; {Z) capital 
expenditures for ' research^ development^ and instruction in the 
sciences and engineering; and (3) Cerent 'direct expenditures for 
instruction and departmental research in graduate-degree-granting 
institutions .in the sciences' \and engineering. Statistical tables show 
current research and development Allocations according to^ (1) source 
of funds^ (2) type of research and development activity, (3) fteld of 
science^ (U) type of control^ (-5) type ^f institution^ (6) geographic 
distributi6n^ and ^ (7) concentration of research and development 
expenditures*. The study also distinguishes between universities and 
cTollegei^* and federally-funded research and development center^s 
administered bj. universities and ^colleges the reporting of data* " 
(*utl^or/CP) . ^ 
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D6nng the last several years institutions of higher education have experi- 
enced growing financial stress, changing attitudes of students, and educators ^ 
arlike, a6d new demands 'by society on the educational system As the Nation's 
nhost important source of basfcf research and^scientific minpower, our universK- 
ties and colleges are the subjects of many studies undertaken by Federxil- and 
State. Government officials and private organizations designed to assess the 
general state of health of these in$titutions and to develop policies that will 
ensure their stability \ ' ' . 

One area of major concern to university administrators is the decline in 
Federal support of'spcmsored research During the sixties sponsored research, 
particularly on Federal projects, became an integral part of academic activities, 
and university sf^ffs were expanded to meet the needs of Federal programs 
With the recent»<iec)rine m Federal funds, universities are experiencing difficulty 
ih retaTmng those highly qualified.scientistfdnd engineers and, in some cases, 
have been forced to dip into nonresearch budgets to maintain their research 
capabilities 

This stady contains analysis of trends in the level of university research 
'expenditures in tlie sciences and engineering by source of funds and other 
characteristics from 1%4^rough 1973 Prior t-epdrts \j\ this series contained ' 
analvses of both exp^ndttjjtre and'manpower data and were published under the 
title Resources for Scientific Activities*at Universities and Colleges. Beginning 
with this report, data on university and collie R&D expenditures >yill be 
published separately from those on scientific^nd technical manpower Studies 
of academic R&D activities comprise an integral part of NSF's continuing 
program of periodic surveys deigned to produce information on the s^cope and 
character 6f the Nation's investment in science and technology. Under this 
program all major sectors of the jJ'S e conomy are covered, inoJudmg industry, ^ 
government, independent nonprotrT organizations and institutions of higher 
education ' ' . 

The Foundation is grateful to officials of universities and colleges for their 
cooperation in the survey which resulted in an institutional response rate of .92 
percent and participation by all of the 100 largest R&D perf^miers 

The report was prepared in the Division of Scfence Ri^ources Studies, 
Charles E Falk, Director , \ 

H Cuyford Stev^r ' 
^ Director 
luly 1975 / — National Science Foundation 
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"* .R&D expenditure data presented m this'report refer to^separate/y budgeted 
research and development in the sciences and Engineering an^ exclude 
HJepartmental research expenditures which are analvzed separated as part 
of the instructional programs of universities and ccHleges Excludeo is 
, "7es?arch performed in the arts and humanities ^ ' 

« 

• Separately budgeted research ^nd development includes all fundk^xpended 
' for ^iVj^i^s speclifically organized to produc^ research outcomes and 

commissioned by an agency either external to- the institution/or separately 
liudgeted by an organizational unit within the institution 

• Departmental research (nonsponsored research) is "personal" Or "facujtv" 
research supported bv General Funds of the department as a specificallv 

. assigned, departmentallv planned, o^mutuallv understood part of the facultv 
member's total activity 

• Current expenditures includes all expenditures made by the institution during 
the reporting period from both the unrestricted current fund and the restricted 
current fund Included are direct anfj, indirect costs Direct costs include the 
salaries and Wages of those working on a research project, expenditures ior\^ 
smal.r equipment items, materials used, and other expenses specifically/f 
identified with the project Indirect costs are those incurred by an institution^ 
in implementing and supporting Jhe entire research project, including un- \ 
re^nbursed indirect costs"' ,/ . * 



•* The term expenduures ditlers trom fhe* 
tions , which reffect actual. awards ot tund 
fiscal year (|uly 1 to June 30) regardless g 
t)pent by recipient institutions (See Federal 
and Selected Monprofit Institutions, Fiscal 

• Statistics shown m this report may not ad 
rounding 

• All percentage changes in trend statistics re 

• Figures shown m this report tor fiscal yeai 
universe totals for scientific 'and engineer] 
the surveyed institutions respond^ mcl 
performers Estimates for nonresponder 
account for less than""3 percent ofThe R&D: 

• Unless constant 'dollars are ^ecitied, dat< 
of current dollars * 

• Additional informatit)n- concerning surve 
Ronald Biggar 1202-2^2-7790), Division ot S 
Science Foundation, Washington, D C 20! 



acknOvi^ledgmerits 

, This report was prepared in the Univi 
Studies Croup by Ronald Biggar assisted 
conducted and the Report written under tfee 
Director William L Stewart, Head of the 
provided guidance and review — 
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red to produce research outcomes and 
er external to the institution or. separately 
t within the institution; 
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expenditures made by the institution during 
ufjFestricted current fund and the restricted 
md indirect cosH. Pirect costs include the 
ig on a research project, Expenditures for 
s used, and other expenses specifically 
;t costs are J^hose incurred by an institution 
he entire research project, including "un- 



• The term "expenditures' differs^ from the Federal accounting tertn ,*;obliga- 
tions", which reflect actual awards pf funds bV the reporting agency during a 
fiscal year (luJy 1 to ji^ne 30)^ regard less of when th&se funds were actually 
spent by r^cfpient^*ftstitutions ISee^edetaT Supportto Umver^fties, Colleges, 
hnd Selected Nonprottt Institutions, fiscal Year 1973) (N^t 75-304)^ 

• Statistics shov^n m this. report may not add to^totals or subtotals because of 

rounding . ' , . 

* • * * ' 

• All percentage changes in trend statistics represent compound annual rates 

• Figures show,n .in this re por t for fisca l yecrr 1973 R&D expenditures represent 
universe totals for scientific and engmeermg disciplrries Over 92 percent ot 
the surveyed institutions responded including all of the 100 largest R&D 

, performer^ Estimates for nonrespondents arvJ non surveyed institutions 
account for^ess than 3 percent of the R&D totaJ 

• Unless constant dollars are specified, data shown in this report are in teVms' 
of-current dollars ' , 

s 

• Additional information concerning survey' resdts should be addressed to 
Ronald Biggar (202-282-7790), Division of Science Resource^ Stiidjes, National 
Science Foundation, .Washington, D C 20550 
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Between 1972 and 1973; k&D expenditures in the sciences and engineering 
increased 10'percent - an amount considerably higher than the rate of 
. growth repofted during the prior two years and more than three times the 
percent increase for 1^74, as indicated by preliminary tabulations from the 
1974 survey ' " 

• The ,1973 total represents an increase of'6 percent in constant 1967 dollars 2 
This was significantly higher than the 2-percent annual growth in constant 
dollars experienced ip the 1970-72 periotf^ne of the major reasons for the 
increase was a 7-percenttt)nstant dollar growth in Federal R&D support from 
1972 to.1973 compared with a 1-percent annual increase rn the earlier period 

' Basic research, despite a 2-percent increase between 1972 and 1973, declined 
as a percent of total separately bycfgeted acac^emic R&D expenditures from 
the 76 percent reported in each survey from 1964 through 1972 to 70 percent 
in 1973 Inronstant 1967 dollars, basic resejirch- dropped 2 percent from the 
1972 total In contrast, applied research and development increased 30 per- 
ce.nt and 53 percent, respectively (26 percent and 48 percent in constant 
dollars, respectively) Increased support from J^ederal, State, and industrial 
sources for R&D activities aimed at finding Solutions to spedific problems, 
contributed to the larger rates of growth in the areas of appjied res<?arch and 
development a' 

Over one-half of all academic research is performed in the life sciences 
Between 1972'5nd 1973, suchVesearch increased 12 percent, second only to a ' 
14-percent growth m the social sciences The physical sciences increased only 
2.percent during this period which, in constant dollars, resulted in the onjv 
decline among the ma)or field categories ^ 



Pr.l,m.narv dar. pubh.h.d rn Nat.onal Sc.epce Foundation. Sc/ence f?f5ourc« Stud.es H.ghhghts 
Academ,c R&D£ wnd.tures Dechne m RealTerms ,n FY 1974" fNSF 75-306) (Washington 
L L o T M ^^^5 dat^ for 1974 mav obtamed by contacting the Division of Science 

Kewurce* Mudics. National Science Foundation, Washington. D C 2OS50 (202- 282-7790) 
2lnjhc absence of a reliable R^D cost index, the gross national product (CNP)^rf.plic.t price deflator was used 
tocohvert R&D expenditures to constant dollars Th^CNf deflator includos'the effects of the price changed of 
all '"^he ec9nocnv andth*<i.fore can only indicate approximate changes ,n costs of inputs 

, specifically related to R&D performance * • 



• Public universities and colleges reported i'ric 
and development totaling 11 pe^teht betw4 
8-percerjt increase in private institutions.v 
stantiallYtiigher in public institutiqilj^while 
reductions from local governments, fblindal 
institutions' own funds. ^ '* 

• The top 100 R&D-performing universities i 
of both total and Federal R&CSfunds m the 
declined steadily since a high of 90 perc( 
government support was least concentrated 
largest R&D performers while all other^sour 
percent , \^ 

• In the 1964-73 period, mstitutions granting 
accounted for approximately 98 percent of 
in the academic sector. More than one-h', 
doctorate-granting institutions was in the 
doctorate-granting institutions was less cc 
ranking first with 28 percent of the tota 
sciences, each accounting for an additional 

• Capital expenditures for scier>tific and eng 
^declined 18 percerit between ^972 and 1? 
percent, while all ©ther sources combined 
19 percent Since 1968, when capital exp( 
outlays have declined 9 percent per year m 

R&D expenditures in university-administere 
'■' Development Centers (FFRDC's) totaled $fi 
more than the $764 million reported in 
sciences accounted for five-sixths of.total R, 



'■institutions' own funds" refers to expenditures from unrestrict 
the accounting period from sponsors who made no stipulations ! 
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learch is performed in the life sciences 
ch increased 12 percent, second only to a 
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;ories 



Inte Foundatjpn. Science Resourcei Stu^s Highhghts, 
cime m Rear Terms in FY 1974 (NSF 75 306) iW^asbingtor^ 
[ may be obtatned by contactfng the Divisjon of ^cience"* 
thi^gton, DC 20550(202-2827790) 
s natrona! product (CNP) implicit price deflator was used 
CNP deflator jncl|ude5 (he effects of the price changes of 
:if\ only indicate Approximate changes in co^t^ of inputs 



• Public universities and colleges reported increases ir{ expenditures for research 
and development totaling 11 percent between 1972 and 1973, compared to an 

' 8-percent increase m private institutions. All sources of support were sub- 
stantially higVier in public institutions while privajte institutions suffered sharp 
reductions from local governments, foundations and health agencies, and the 
institutions' own funds. ^ * ' ' • ' ' 

• The top 100 R&D-performing universities in 1973 accounted for 83 percent 
of both total and Federal R&D fundsjn the academic sector. This share has 
declined steadily since a high of 90 percent was fecordeld in 1970. Local 
government support was least concentrated, with 66 percent going to the 100 
largest R&D performers while all other sources ranged from 76 percent to 86 
percent. . ^ ^ * 

• In ^he 1964-73 period, institutions granting doctorate degrees in the sciences 
accounted for approximately 98 percent of all research performed each year, 
in the academic sector. More than one-half of all research performed by 
doctorate grantirig institutions was in the life sciences. Research in nony 
doctorate-granting institutions was less concentrated^ with social sciences 
ranking first with 28 percent of the total, followed By life and physical 
s^ciences, each accounting for an ad'ditional 21 percept. 

^ ^Capital expenditures for scientific and engineering facilities and equipment 
declined 18 percent between 1972 and 1973. Federal support declined 13 
percent, while alTothpr sources combined reduced their capital funding by 
19 percent Since 1968, when capital e;ipenditures peaked at $1.1 billion, 
outlays have declined9 percent per year in constant dollars. 

• R&D expenditures in university-administered Federally Funded Research and 
Development Centers (FFRDC's) totaled $817 million in 1973, or 7 percent 
more than the $764 million reported in 1972. Engineering and physicaf 
sciences accounted for five-sixths of total R&D expenditures. 



^' Institutions own funds refers to expenditures from unrestntttd accounts, including fundy^xpcnded during 
the accounting period from sponsors who made no stipulations as to how the funds wece to b6 jsed 



INTRODUCTION 



; . Thi5 report presenfs'the results of the National Science Foundation's ninth 
Surveyof Scientific Activ^-ffles of Institutions' of Higher Education in fiscal year 
1973- It also- contains preliminary estimates for total R&D exper^ditures by 
universities -ahd colleges during fiscal year'igh, which are based 'on edrly ■ ' 
returnUrom the lp74 survey '» Cdnducted annially since 1972, the surVey.of 
institutions of higher education colfects data on current and capital e^erdi- 
tures for research, development, and instruction in the sciences and engineering. 

The survey series was inst'itjjted in 1954 to assess the overall eff^tiveness of 
ongoiiVg Federal R&D efforts to - strengthen 'science and technology in"' 
universities and colleges. The information assists the .Natia^af Science 
foundation in fulfilling its responsiViJities in.Supporting scientific research at 
academic institu'tions -and-in the formulation of recommendations on national ' 
science policy irt keeping with^the National Science Foundation Act of 1950 and 
subsequent arhendments 

The 1973 survey was condi/cLed by questionnaires sent to all universities 
and colleges that grant doctorate or master's degrees in the .sciences or i 
engineering and all other academic -Institutions believed to* have^R&D 
ej^penditures of $50,000 or more Figures shown in this report represent urfiverse 
totals for Science and "engineering,' estimates accounting for 3 percent of the 
separately budgeted RAD . total were made^ for all nonrpspondent^'and 

^S«e footnote 1,'pjge VII • * 



nonsurveyed institutions. ,Over 92 percent 
sponded, including all of the 100 leading unfy 
performance. 

, Several changes were made from prior 
collected on an annual basis, beginning in 
cycle established between 1964 and 1972. Th 
resear<:h and development only and exclude ^ 
in the, sciences ^nd engineering. Section 
departmental research TotaUresearch arid d 
first time in 1973 by field of science Earlier 
' field of science. 

• )> 

The following principal characteristics o 
in this report. Source of funds; distribution an 
R&D activity (basic research, applied researc 
are grbup by highest degree granted, type of 
ranked by total aiid Federal R&D expenditure 
institutions Separate data are summ^irized , 
and Development Centers (FFRDCs) admmis 
Also included are separate chapter^ dealin 
instruction and departmental research in the 
regarding scope, coverage] methods of estirr 
are presented in the technical' notes in appenc 
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the National Science Foundation'^ ninth 
itutions of Higher Education in fiscal year 
stlni^es ^fpr tqtal^ expenditures by 
a! year 1974^ which are based on early^ 
ucted annually ^ce 1972, the suryey of 
JCts cfata on current and capital expendi- 
nstruction in the sciences anfl engineerings 

1 1954 to.assess the overall effectiveness of 
strengthen science and technology in 
brmatjon assists nrfe National ^Sc/ence 

lities in supporting scientific research at 
lulation of r^comnriendations on national 

lonal Sciencef oundation Act of 1950 and' 



by questionnaire sent to all universities 
or master's degrees in the sciences or 
it institutions believed to h^e JR&D . 
res shoVvnin this report represent universe' 
s'timates accounting for 3 percent Qf.t|ie 
jre made "lor all nbnrespondents and 
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nonsurveyed instftutions. Over 92. percent of the surveyed , institutions re- 
sponded, including all of the 100 leading universities m terqcis of volume ot R&D 
performance. ' * ■ ^ * 

Several changes were pia^^ from prior reports R&D expenditure data were 
collected on an annual basis, beginning in 1973, rather than on the biertni^^l 
cycte estdbhsbed between ;i964 and 1972 The data are for separately budgeted 
research and development only and exclude departrrjenta/ research expenditures 
in* the sciences and engineering Section III deals with instruction, and 
departmental research Total researcli and development was collected for the 
first time in 1973 by field of science Earlier studies only collected research by 
field of science. ' ' • 

The following principal characteristics of R&O €X|3enditures are\xamined 
in this repfirt Source of funds/distribution among fields of science, and type of 
R&D activity (basic research, applied research, ,?rtd.(ievelopmei>t), Institutions 
are group by highest degree granted, type of control.(public, private^ etc.) and 
ranked by total an^ Federal R&D expenditure sue, with subtotals for every ten 
institutiops Separate data are summarized for' 23 FederiJIy Funded Research' 
and Development Centers (FFRDCs) administered by universities and colleges. 
Also 'included are separate chapters dealing with capital exp57nlTtuf€*.^d 
instrbction and'departmental research in the sciences and engineering DeUil?" 
regarding, scope, coverage,, methods of estimating, and limitations of th^ data 
are presented in the technical notes' in appendix A , •* . 
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Characteristics of separately budgeted R&D expenditures in universities and^oHeges 

( • , • Tot^R&Dexp©ndftures = «[,933maii(m 
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Sex:tion I. CURRENT R&D EXPENDITURES IN THE SCIENCES AND ENG 



During 1972-73, R&D expenditures at universi- 
ties and colleges increased 9 7 percent, while the 
average rate was 5 6 percent during 1968 72 and 
13 9 percent during 1$64-68 In 1973 academic 
R&D expenditures reached 52 9 billion — 10 
perce.nt'^jver 1972 The impact 'of this increase 
>over the average growth m prior years is somewhat 
dampened by the preliminary results of the T974 
survey which pointJlO a sizabfe drop in the growth 
rate to 3 percent. ^ Basi^ research expenditores; 
which averaged 6-percent annual growth between 
' 1970 and 1972. and 2 percent in 1973, show a 5- 
percent Increase in 197j^ to S2 1 billion A signifh- 
cant factor* in the smill mc^rease in total R&D 



. A c t4tml c MB •xpfxHttir— mi •tfw »oof»oinlc < 




V nt -m 'Jo^^r *n n% 



expenditures ^or 1974] compared with basic 
research, was the separation of MITs Draper 
Laboratory (prrmanly involved in development 
projects) from the academic sector into the* 
mdep^ndept nonprofit sector 

Over the last d^^cade. several significant changes 
have occured m academic R&D patterns when 
viewed in a national perspective and compared 
with other economic variafbles 

• The academic sectors share of national R&D 
expenditures has increased from 7 percent to 10 
percent . * 

• National R&D expenditures as a percent X)f the 
gross national prod^t (CNP), declined from 3 2 
percent m 1963 tp 2 4 percent in 1973 

• .Acadeniic research, as a percent of total higher ' 
edu^^dttAn expenditures has also dropped from 
13 percent to 10 percent 



Soureeof Funds 



' Current expenditures fo^ research aflid devefb^>- 
ment^ in universities , and cblleges ^niouQtfd to 
$2 ^billion or 10 pe<i;ent,6f total R&D spending by 
all Sectors of the econon^y in 1973, up 10 percent 
from 1972 From^%4 to 1973, R&D expenditures^ 
increased from SI 3 billron t^ $2 jTbiltipn, or at an' 
annual rate of 10 percent When converted to 
constant 1967 dollcirs to discount inflation, how- 
ever, annual R&D growth averaged onJV 6 percent 
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expenditures for 1974, compared w^th basic 
research' was the separation of Mils Draper ' 
Laboratorv (primaril\ mv^olved m development 
projects^ from the academic sector into the 
independent non-profit seictor 

Over the fast decade, several significant changes 
have occured m ac^emTc 1?&D patterns when 
vie\»ed in a natio.nal perspective and compared 
with other economic variables. 

• The academic seqjpr's share of national R&C^ 
expenditures has^mcreased from " percent to 10 
percent * » ^ ^ 

• National R&D expenditures as a percent ot the 

gross national pT>)duct ^^R), decJi^Ved-from 3 2 

percent ir>l%3 to 2 4 percent'in 1973 
^ ' r . 

Acacfemic researcfe'jas a pepcer)t xfi totff h'gher 

education ex|>enditures has also dropped from 

^3 perce^^^^to lOijfefcenl V . * ^ 

Sourcebf Funds 

Current ^xpernJitures for research and cfevelop* 
ment^ m unrversities and cofleges af^Fiounted to 
S2 9 billion or it) percent of4otalft&p spendmg by 
all sectors of the^economy in 19/3, up lO'percent • 
from 1972 From'.1%4 to 1973, R&D e>:penditures 
increased from $1 3 billityvlo S2 9 bhfion, or at an . 
annual rate of^ 10 percent When converted to 
constant 1967 dollars to^iKount inflation, how- 
ever, annual R&D growth av*^raged onlv 6 pe/cent. 
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\ahations m the level ot Federal sponsorship 
was mainlv responsible for the R&TD growth 
patterns at universities and colleges m the 1964-/'3 
period The substaatial-^rpwth ot Federal funding 
(T;4 percent between 1964 and 1968), its 5ubse; 
quent c'urtailment (4-pjertent ^rowih m the 1968-72 
period>and it5 current recover^' (T1 percent from 
1972 \p, 1975) account for most of the major 
"ffCictuations * . . 
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Jn 19"3 th^Federal Government s share cJf R&D financing amoMnted to 70 
percent of the total, down from a high of 74 percent m 1966 Non-Federal 
suppoft consisting pnmarjiv of i/istitotions own funds and State government* 
<iupport. mcreased m each period, but not enough to offset major fluctuations 
m Feder'arfunding /rom 1968 to 1972, rtbn Federal R&D funding recorded a 
lO percent average growth — nwre than double the' Federal rate 



R&D expenditures in the scienct 
universitff sand colleges, by \ 

(MilIiQnsof.cioll9rs) 
4,000^ i 




1964 



1966> 1968. .1 



lo-^the 1972-73 period the increase in Federal R&D funding of 11 percent f 
was sign^ficantlv above the 6 percent increase reported from non-Federaff 
^^urces Adverse developments ,fn the stock market and increasing operating 
costs We contributed to a substantially reduc^JgTbHitb lYi R&D support from 
private foundations, volVjntary Ijealtti agencies, ^and universities own funds 
R?cD support 'from these sources increased 2 percent in the 1972-73 period, 
compared with annual rates of 8 percent and 13 peccent, respectively, between 
1970 and 1972 Industry and "other sources,", mclM^mg individuals and 
societies together increased their rate of support 10 percent over 1970-72 
level> Anoijal growth in State government R&D support has dropped steadily 
from a high of 13 percent betvt^en 1%8 and 1970 to 8 percent m the 1972-73 
period 



21 



( 



Other 
'sources 

Industry 

Federal . 
Government 

Stateand 
local ' 
governments 

Institutions' 
ownfund^ 

Foundatfons 
andVo!uf\^ i 
taryfiealth \ 
agencies' 




^Bi^ orj^ P impltdt pHo« dfflator. 
. SOURCE: N«tk>n|lSc1dnc«F6uod«tio(i. 



ERIC 



22 



's share of R&D fmanctng jamountedv^o 70 
high of 74 percent in^1%b Norf-Federtal 
utions' own fundb and State government 
It not enough to offset major fluctuations 
72, non Federal R&D funding recorded a 
an double the Federal <Me 



se in /ederal^ R&D funding of 11 percent 
jnt increase reported from non-Federal 
e stock market and increasing operating 
"'t'v reduced growth ih R&D support from' 
I agencies, ^nd universtties" own funds 
reased 2 percent in the 1972-73 period, 
jnt and 13 percent, respectively, between 
?r sources/' including individuals and 
te.pf support 10 peneen^ over 1970-72 
ment R&D support h£l^ dropped steadily 
68 and 1970 to 8 percent jn the 1972-73 



21 



R&D expetnditur Ji in the sciences and engineernia at 
uhiversities)^hdconeg^es;bysourcVFY1964-^' . 
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^ Type of R&D Activity 



Universities and colleges are tfie largest performers of basic research rn.the 
economv, accounting for $2 1 bilhon, or 54 percent, of the U. S total m ,19/3 
Growth in basic reseafch performance, however, has slowed considerably in 
recent years ^ FT)r example, Uetw^n 1964 and 1968 university basic research 
expenditures expanded at a 13-percent annual. rate,' this growth 'dropped to 5 
percent annually m the 1968-72 period and increased orfTy 2 percent from 1972 
to 1973' In constant 1967 dollars basic research declined nearly 2 percent m the 
1972-73' period ^ * 



Applied researchynas shown a 'signiffcar)V-30TJ^cent .annual growth for 
1972 73 This sharp increase from the 8-percent anViual rate established between* 
1968 and 1972 primarily reflects increased applied research in the environmental 
ancl life sciences and a shift in emphasis toward the^practical application oT"^ 
available technology 



Development expenditures ^lio incredied drdmatjlillybetweetv 1972 and 
1973 - up 53 percent to $170 million Nearly on^^h %f thii -amount was 
concentrated m the Charles Stark Draper Laboratory Vision of the Mass^chu 
setts Institute of Technology 
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Total and Fedaral R&D axpietndrtures at universities and colleaei, by field of ^ 
* - ^ science; FY 1964^73 
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Fiefd of Sciehcfe 

. ■ ./■ 

Another sfgntficant aspect of dcademia R&D expenditures is their heavy 
drientation toward the life screncei^v\tf|g^account^ for 5^ percent ot such 
> expenditures, m 1973 The Federal Qo^nments share of academic R&p 
expenditures in the life sciences ranged ^rom a high of 70 percent m 1968 to a 
!ov\ of 66 percent m 1972 Ranking next m term^^of volumefof expenditures was 
engineering with 14 per^ient Federal support was most heavily concentrated m 
in the physical sciences, accounting for 82 percent of the total 



Although total R^tD.expenditOres in universities and colleges increased 10 
percent frpm 1972 to 1973 iri terms of current dollars, this rate of growth varied 
significantly among fields of science The social scieOices experienced the 
largest increase. >5 percent, over seven times the 2 percent growth recorded by 
the physic^al sciences The hfe sciences ranked second with a 12-percent annual 
growth, followed by a 10 percent growth in engineering In constant 1%7 
dollars the social sciences actually increased 10 percent^ compared with a 
1 percent decline in the physical scTences 
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Within the life sciences, biological research 
(including agriculture) had a 13 percent annual 
growth rate between 1970 and 1973 compared to* a 
5-percent increase in the clinical medical sciences 
Biology, therefore, increased in its share of life 
science R&D expenditures from 46 percent in 1970 
to 53 percent in 1973 Non Federal sources of 
medical R&D expenditures inc^reased 10 percept 
per year between 1970 and 1973, while a 14- 
percent R&D growth rate of non-Federal funding 
occurred in the biological sciences 



Another significant change since 1964 has been 
the substantial increase in social, science R&D 
expenditures From 1964^ to 1968 research and 
de'^elcJpment in the^ social sciences increased 20 
percent per year Declines in other social science 
research, and also in political sciences, resulted in 
near-zero growth between 1968 and 1970 Since 
1970, however, sharp increases in other sociaf 
science research, sociology and political science, 
have fed to an J 1-percent growth from 1970 to 
1972 and a 15-percent grovyth from 1972 to 1973 



R&D #xp«nd{turts at unlv«rsit}«« and ^olttQat tn 
tha Ufa tciancas. FY 1964<73 
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Another significant change since J964 has been 
the substantial inc/ea'se in ^ociah science R&D 
expenditures From 1964 to 1%8 research and 
^development in the social sciences increased 20 
percent per year 'Declines irf other social science 
research. andaKo m political sciences, resulted in 
near-zero growth between 1968 ^nd 1970 Since 
1970, however, sharp, increases m other social 
science research, sociology and politicaf science, 
have led to an 11-percent growth from 197(4 to 
1.972 and a 15-percent growth'from 1972 to 1973 



Researc*h and development in itfie physical 
sciences increased 5 percent annually in the' 
1964-73 period — the lowest rate of any major 
science field In constanrl967 dqTlars, the amount 
of physical science research performed m 1973 
v\as less than 1966 levels Physics ^rew 4 percent 
annually trom 1964 to 1973, or 0 4 percent m ^ 
constant 1967 dollars, DrtJy :'other physical 
sciences/' consisting mainly of multidiscrplmary 
research, grew at a rate comparable- to the 11- 
percent average grovy^th of all R&D expenditures 4n 
the academic sector ' *| 



} R&D txptnditurM at uhHmrsItiM and coUtgM in tht 
sod^t icifncM, FY 1964-73 
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Type of Control 



Publicly controlled universities and colleges 
accounted tor 61 percent ot total K&D expendi- 
tures m.the academic sector m 1973, an amount 
slightly over their 58-percent share rn 1%8 R&D. 
expenditures reported bv public instittftrons ih- 
creased 8 percent annually, more than double the 
4-percent annual growth for private mstitCtions, 
during this 5-vj^3r period In constant 1%7 dollars 
public institutions increased their' R&D programs 3 
percent anryjally, while private institutions 
recorded a 6 4-percent decline This increased 
growth and /cpncentration ot R&D ^c^ivities irf 
public mstitJutions prfmarilv reflects the influence 
of |arge*Stafe univer^tittes, 65*of wh^di are among 
bhe top 100 institution's in the country m terms of 
R&D expenditures . • 

The Federal Government supplied 79 percent of 
the R&D funds used by private institutions, , 
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private institutions increased 10 percent iti unr 
1972-73 period, compared with a 12-percent in- 
crease irf public institutions 



Type of Institution 



Since doctorate-grantmg institutions accounted 
for 98 percent uf^all academic R&D expenditures, 
the distribution of these expenditures by source of 
funds or field of science ts almost identical to that 
ot all mstitutions' The dominant feature of the 
distributional i3Latt.ern between the master's and 
bachelor s-level in^Tttutio'n^tsas follows 

•* The federally financed s^hare or^ R&D expJendi- 
lures ar^ounted to 80 percent m bachelor's- 
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private institutions ^n^^feased 10 p^^t ,in the 
1972'-73 period, corrvbared with a 12-percent in- 
crease in public instituVons . 



Type of Institution 

Since doctorate-granting institutions accounted 

tor 98 percent ot all academu: R&D expenditures, 

the distributjon ot these expenditures by source ot 

tundsor field ot science 15 almost identical to that 

ot all institutions The dominant feature of the 

distributional pattern between the masters and 

bachelor s-level institutions is as follows 
♦ « » 

The tederall\ tmanced share of expendi- 

tyres amounted to 80 percent m bache)or> 



gr^nting mstjtutions and 65 percent in masters- 
granting institutions ^ 

Lite sciences a<counted tor less than 25 percent 
OT total R&O exiDenditilfres in nondoctorate- 
granting institutions since medical schools are 
associated with do^torate-grantmg institutions 

The social science's accour^t for the-largest share 
of R&D exf^enditures »n both master's and 
bachelpr s-grantmg institutions, followed 
closej^ b\ the physical and lite <ciences 

Institutions not granting science degrees al- 
located three-fifths ot tKeir R&D expenditures to 
tfie environmental sciences Virtually all of thrs 
environmental research is' performed 3t Went- 
worth Institute under a contract with tKe*"Xs; 
Force involving the design ot rocket systems to 
measure atmospheric conditions 



^ Current R& D expenditures at universities and colleges, hy f ield of science and 
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Geographic Distribution 



" Institutioru in the Middle Atlantic States- al- 
located more money — $531 million — to research 
and development than did those in .other geo- 
graphic divrsions The Pacific States ranked second 
with S529 million and experienced^the most rapid* 
growth rate of any division from 1%6 to 1973 
Since 1966 the Pacific States have grown at an 
annual rate of over 10 percent In contrast, the 
Middle Atlantic States have grown at the slowest 
rate dur-tng this jaertod - 6 percent The East South 
Central States, however, led the Nation with a 20- 
percent gruwth m R6iD activities m the 1972 73 
pt-nud Tht following tabulation ihuw^ the percent 
change for this period for all divisions 
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Geograpjiic distribution of total R&D expenditures in 
engineerrng at universities and colleges: F 
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^ Geggraphic distribution of total R&D expenditures in the sciences and 
J engineering at universities and colleges? FY 1973 
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The 10 leading States m terms of, academic R&D performance in the 
sciences and engineering accounted tor three-itfths of all R&D activity m the 
academic sector This proportion has remained relatively constant since 1%4, 
but there wer^ significant changes among the leading States Since 1970, 
California, the leading State, substantially increase^ its share of total while 
Pennsylvania, Massachusetts, and -Ohio declined in relative importance 
Institutions in North Carolina reported the largest increases of any of the leading 
States from 1972 tQ 1973, with 24 percent 



Distribution of total R&IV»wnditure$ in the sciences and engineering at universities and colleges 
' ; in 10 leading States: FY 1964-73 » " 
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Concentration of^&D Expenditun 

Academic research and development is he. 
institutions in 1973 R&D expenditures in these 
over 1972 and accoumed for 83 percent of bot 
in the academic s.ector Between 1966 and 19} 
increaseti. their -proportion of total R&D expe 
percent Since 1970 thVnropohion has decline* 
percent were fep.orted bv63 institutions, while ; 
greater than 20 percent, \iother 17 institut 
expenditures The median percent change for 
was 9 percent 
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s of academic RS^D performance m the 
for three-fifths of all R&D actrvitv m the 

s remained 'relatively constant ^ince 1%4 
among the leading States Since ^^70 

intiaiiy increased its share or total while 
Ohio declined m relative importance 

d the largest increases of an^ the leading 

cent 



sciences an<f engineering at universities and colleges 
States: FY l%4-73 



Concentration of R&D Expenditures 

Academic research and development is heavily concentrated in 100 leading 
institutions In 197i R&I>expenditures in these institutions increased 10 percent 
over 1972 and accounted for 83 percent of both total and Federal R&D funding 
m the academic sector Between 1%6 and 1970 these 100 leading institutions 
increased their proportion of total R&D expenditures from 87 percent to 90 
.percent Since 1970this proportion has declined steadily Growth rates up to 20 
percent were reported b\ 63 institutions, while 20 institutions reported increases 
greater than 20 percent, another 17 institutions reported declines in R&D 
expenditures The median percent change for the 100 largest R&D performers 
was 9 percent 
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Section II 



CAPITAL EXPENDITURES FOR RESEARCH, DEVELOPMENT, 
INSTRUCTION IN THE SCIENCES AND ENGINEERING 



The expansion m enrollment m the sciences and 
engineennrg m the early sixties and the greatly 
increased scale and complexity of scientific 
activities during the past decade resulted m 
relatively ja^ge outlays for facilities and equipment 
by academic institutions between 1%4 and 1968 
Since 1968, howeve7, reduced federal support, 
increasing interest rates, and a leveling off in 
enrollments has resulted m sharp reductions in 
expenditures for facilities and equipment Capital 
expenditures for scientific activities at universities 



^ Cap{ultxp«nditurttsforrM«9rch.d«v«lopni«fitand « 
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and colleges totaled $846 million in 1973, far 
below the $1 1 billion spent in 1968 In constant 
1967 dollars the 1973 expenditure level was neajly 
S400 million below the capital acquisitions re- 
ported in 1968 



Universities and colleges rely pTincipally upon 
their own resources for the financing of facilities 
and equipment in th^ sciences and engineering 
Jhis IS especially true during 1%8-73, as Federal 
support declined nearly 8 percent annually In 
197^ non-Federal support accounts for 73 percent 
of capital funding t - 



The distribution of capital expenditures by 
, broad field of science was similar to that of current 
expenditures The life sciences accounted for 58 
percent of the total in 1973 — up substantially 
over the 44-percent share reported in 1964 In 
contrast, engineering dropped from 14 percent of 
the total in 1964 to 7 percent in 1973 Federal 
support IS also becoming increasingly concentrated 
m the life sciences — up from 61 percent in 1964 
to 71 percent in 1973 - with the remaining 
Federal funds primarily in the physical scjefices 
and engineering 
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jlTAL EXPENWrURB FOR RESfARCH, DEVELOPMENT, AND 
^RUCTION IN THE: SCIENCES AND.ENGINEERINC , 
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and colleger totaled $846 million in 1973, far 
beiow the Si 1 billion spent in 1968 In constant 
1%'' dollars the 1973 expenditure level was nearly 
S400 million below the capital acquisrtions re- 
ported m 1968 



Universities and colleges rely principally upon 
their own resources for the fmancin'g of facilities 
and equipment in the sciences and engineering. 
This IS especially true during 1968-73/ as F^derkl 
sUt>port declined nearly 8 percent annually In 
1973 non-Federal support accounts for 73 percent 
of capital funding 



The . distribution of capital expenditures '^by 
broad field:Of science was similar to that of current 
expenciitures The life sciences accounted for 58 
percent of the total in 1973 - up substantial^ 
over the 44-percent share reported in 19^4 In 
contrast, engineering dropped from 14 percent of 
the total in 1964 to 7 percent in 1973 Federal 
soppoft^also becoming increasingly concentrated 
in the hfe^ciences — up from 61 percent in 1964 
to 7v1 percent in 1973 - with the remaining 
federal funds primarily m the physical sciences 
and engineering 
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Similarly, capital expenditures of d9Ctorate-grantmg ihstitutions, with 
affiliated health science centers and agricultural experiment stations, were 
concentrated in the life scieifices (6'1 percent of ^he total) in master's and 
bachelor's graittrng institutions, the UVgest shares of^xapital expenditures were 
also in the life sciences — 34 percent artd 38 percent, respectively 



The 10 leading States in terms 9f capital 
percent of all such funding in 1973 New \<5r 
two-thifds of this amount was in the ijfe sciei 
with $72 million, showed a mcxe even distr 
between life, physical and social^ sciences 
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instructlbitat uniy,ei's{|i^ and colleges, tintype of 
' i|istitutiortaiid;fL0fd:x>tselence^PY3973 - 
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I>f doctorafe^graatin^ institutions, with 
agricultur^il experiment stations, were, 
percent of the total) In master's and 

;gest shares of capital expenditures were 

irf 38 percent, respectively 



The 10 leacf^ig States m terms of capital expenditures accounted for 63 
percent of all such funding in 1973 New Vork ranked first with $97 million, 
two-thirds of this amount was In the life sciences California, ranking second 
wilh $72 m^r^on, showed a more even distril^ution ot capital expenditures 
between life, physical and social sciences 
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The proportion of total capital expenditures sponsored by the Federal 
Government withm these 10 States varie^from a high of 30 percent in f exas to a 
low of 13 percent in Ohio These 10 States, combined accounted for 48 percent 
of all federally financed capital expenditures 
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Section III 



CURRENT DIRECT EXPENDITURES FOR INSTRUCTION AN 
DEPARTMENTAL'R'ESEArCH IN GRADUATE-DEGREE-GRA 
INSTITUTIONS IN THE klENCES AND ENGINEERING 



The largest s-ingle component of the scientific 
and engineering expenditures of universities and 
colleges was the amount allocated to instruction 
and departmental research Current direct expend- 
itures for such purposes in graduate degree- 
granting institutions in the sciences totaled $3 5 
billion in 1973 rThis represents a 5-percent in- 
crease over/th^ $3 3 billion expended by these 
institutions in tl972 (See survey Instructions, p 
109, Sec B, for definitions of this section ) 



In 1973 nearly two-fifths of all expenditures for 
Nnstruction and departmental research were 
allocated to the life sciences This reflects the 
mfluence of medical schools and schools of 
agriculture at doctorate-granting institutions 
^etween 1972 And 1973 instructional and depart- 
mental research programs in the life sciences 
increased 9 percent, the largest funding increase 
oSP any Si lence field Other sciences" showed the 
largest percentage increase (15 percent), however, 
these programs only accounted for 4 percent of 
the ■ total Engineering and psychology each 
showed only a 1-percent increase, while social 
sciences dechned 1 percent 

Direct costs for departmental research in 
idraduate-degree-grantin^ institutions amounted to» 
^estimated $4134 million in 1973, down 3 percent 
from the $447 million estimated in 1972- Depart- 
mental research, as a percent of instruction arid 
departmental research declined ^rom 14 percent of 
tfie 1972 t6tal to 12 percent of, the" 1973 total In 
1973 the relative distribution by field of science 
was fairly clos^ with a hiW/of-14 percentNn life 
sciences and a low of 9p^ent m ''(^her sciences " 

• The data on departmental research are subject 
tu seriOus limitdtjuns Pgr example, imputation 
rates for cfepartmental rese^ch by field of science 
ranged from iS percent to 45 fiercent of the total 
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jENT DIRECT EXPENDITURES FOR INSTRUCTIpN AND 
RTMENTAL RESEARCH IN GRADUATE-DEGREf-GRANTING 
TUTIONS IN THE SCfENCES AND ENGINBERIN- 
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in \l9;^3 Many institutions were not able to 
^es'tlVnate expenditure^ for departmental research 
c^ec^use they employ the concept of "teaching- 
research. " indicating that a substantial amount of 
facufty time isbpent inactivities in which teaching 
and research are msep^fably linked These instrtU- 
tions consider it*impossible or impractical fpr a 
centraF accounting office to determine the proper 
distribution of faculty salaries between teaching 
and nonsepWately budgeted research See 
appendix A/for further details and imputation 
rates 

Current ^r<^t expenditures for instruction and departmental 
^ i ^ ^ f«*<«fch in gradua le-degree-franti Mi nstitutions in the sciences 
>>nd engiitering; fiscal ye* 1972 a/»d 1973 
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Part II . • 

f 

FEDERALLY FUNDED RESEARCH 
AND DEVELOPMENT CENTERS 
ADMINISTERED BY " • 
UNIVERSITIES AND UNIVERSITY 
CONSORTIA ' 



Federally Funded Research and Development Centers (FFRE^s) ai-e R&D- 
performmg organizations substantially financed by the Federal Governi^e^t to 
meet either a particular R&D objective or to" provide major facilities at 
universities for research Federal agencies' funds, accounted for 99 percent of 
R&D expenditures by FFRDCs in 1973 . Data presented here are excluded from 
those for universities and colleges shown in part I of this repprt. 



Each FFRDC is a separate operational unit which conducts R&D work upon 
direct request of, or under a board charter from, the sponsoring federal agenc*'^. 
Organizationally, the centers are separate fr^m the administering institution, 
and are self-contained entities insofar as their R&D work is concerned 
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. The 23 university administered FFRDC's in this 
survey had $til7 million in current R&D expendi- 
tures m 1973, up 7 percent or $53 million more 
than m 1972 Since 1964, when spending 
amounted tq $629 million, R&D expenditures b\ 
FFRDC s have increased at an>finnual rate of 
percen : to $817 million m 1973 In constant dollars 
R&D spending dedmed 1 percent annually over 



lod Outlays for ba^ic research increased 
lion in 19^73 and ^ow account for $297 
or 36 percent of the total R&D effort by 



R&O expenditures; at univefSky-adn^fnisteried FFRD 

(Mfflionsqfdolters) , 



this pe 
$47 mi 
million 
FFRDC 



R&D expenditures ^or^pplied research increased 
less than $1 million irt 1973, therefore, outlays for 
applied research as a portion of total R&Dexpendi- 
tures fell from 30 percent'm 1972 to 28 peTcentr^ft;:^^/ 
1973 R&D expenditures for development 
amounted to $294 million m 1973, pr $b million 
more than 1972 
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Since 1%8 R&D expenditures^'arNSf-sponsored 
FFRDCs have grown at an annual rate of 10- 
percent AEC and DOD have h^d annual growth 
rates pi 3 percent each, while R&D expenditures 
by NASA-sponsored FFRDC s have increased at an 
-annual rate of only 1 percent In constant dollars, 
only NSf^-sponsored f FRPC s have shown an 
increasingrSKi^ih rate - 5 percent AEC and DOD 
have had av:eragd^nnual declines during ^is 
period of 2 perc^mrUvbiJe NASA has had ati annual 
decline of 4 percent per ye^r ^ 



Currtnt R&D txpt ndHures it un!vtf»lty-«(fmln1«t«rtd 
FFRDC*«,« by. sponsoring F^ltral aoiocy. W^9i6-73 ' 

(Mllom'of doKars) ^ ' . \ ^' * / 
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Eleven AEC-sponsored fFRDC'^ accounted for 
$505 million, or 62 percent of total R&D expendi- 
tures in 1973 Those sponsored by DOD ranked 
second with 19 percent .or $156 'million, while 
NASA and NSF supported 14 p^rce?rt end 6 
percent, respectively AEC sponsored $221 million, 
Or 74 percent of all basic r^earch ^spending 
NSF-sponsored FFRDC s earmarked all of their 
expenditures — $45 mjllion for basic research — 
thus accounting for 15 percent of all basic research 
outlays AEQ supported 77 percent, or $173 million, 
of apphexUe^eerch DOD- and NASA- sponsored 
FFRDCs accounted for an ad^ior>al^35 million 
and $18 million, respectively, in applied research 
support DOD supported 19^ percent, or $115 
million of all development (outlays AfC ranked 
second with $110 million, or 37 percent 
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Eleven AEC-sponsored FFRDC's accounted for 
$505 million, or 62 percent of total R&D expendi- 
tures m 1973 Those sponsored by DOD ranked 
second with 19 percent or $156 million, while 
NASA and NSF supported 14 percent a^nd 6 
percent, respectively AEC sponsored $221 million, 
of 74 percent of all .basic research spending 
NSF sponsored* FFRDC's earmarked all of their 
expenditures — $45 million for basic research — 
thus accounting for 15 percent of all basic r^earch 
outlays AEC supported 77 percent, or $173 million, 
9f apptV^d research DOD and NASA- sponsored 
FFRDC's ck^counied for an additicuial $35 million 
and $18 mrjiion, respectively, in applied research 
support DOD supported 39 percent, or $115 
million' of all development outlays' AEC ranked 
second wTth $110 million, or 37 percenf 



i Distribution ofctirr«iTtR£rD«4>«nd}turt$ St 

univsrsity-SfimlnistsiWd FFROCsr* by chMctsr of work 
" tndspbnsoHnflFsdtfat agency, FY 1973 * 



900 1 — ■ — 



Devetopment 



Applied 
research 




SOUKCt NtiiontI !^im« PoucxhtSon. 



17 



• \ 



'*R&D expenditures by uaiversity-administered 
FFRDC's were tbrimarily concentrated in the 
physical sciences and engineering The physic,al 
sciencft accounted for 52 percent, or $427 million 
of total R&D outlays, 84 percent of which was 
supported by AEC Engineering-accounted for $254 
million, or 31 percent, of total R&D expenditures, 
of which 44 percent was spent in NASA-sponsored 
FFRDC'6 AEC supported an additional 36 percent 
of engineering outlays as well as 95 percent of all 
life science expenditures NASA supported 55 
percent of mathematical science expenditures and 
NSF funded 55 percent of environmental spending, 

R£lD •xpsndtturll at unlvtrsIty^ministtrtdrFRDC's,* 
by fiski of s<^os and spprtsorhi;^ F«dsrs| «fisncy« jFY 1173 




In 1973 expenditures by FFRDC's for research in 
thepjiysical ^pences dropped to $427 million - 1 
percent b^low 1972 levels. Outlays for engineering 
research increased $56|million — or 28 percent - 
to $254 million R&D expenditures for tjie mathe- 
matical sciences totaled $55 million, an increase 
of $13 million/ or 3^Jpe^c^n{ from 1972 In the 
social sciences R&D expenditures declined 84 
percent in 1972, from $9 million to $1 million This 
decline was caused by a reclassification of 10 
Office of Education FFRDC's Beginning in 1973, 
awards to these centers were on a competitive 



nt R&D •xp«n0itum In tin|v«rsfty-iKlinfn1«ttr«d . 

460 




4001 
360 

250 
150 



Physical »fj«oc«4 



'A. 



Engin««nng ^ 1/ 



Mathematical tdancts.^ 




basis, thef*efo;e, they were considered integral 
components of universities and are included in 
part I Other Jields of science that experienced 
declines in 1973 were psychology, which fell 36 

1 percent to $1.milli6n, and the life sciences, which 

^d^clined 6 percent to $34 million » 

' R&D expenditures for engineering have grown at 
the greatest annual rate of any fi^ld of science 
since 1964 this 6-percent growth rate was 
primarily due to a large increase in 1973 outlays 
Both the environmental and- mathematical 
sciences increased 4 percent annually since 1%4 
Again, large expenditure increases in 1973 repre- 
sent a major portion of the growth Outlays for the 
physical and life sciences remained relatively 
stable kince 1964 Psychology had the greatest 
annual decline 17\percent — while R&D 
expenoitures in the socia\sciences increased at an 
annual 3«Ue of 24 percent \ntil 1972. From 1972 to 
1973 R&[J^utlays for the social sciences declined 
84 percent Vhis decline wa\ due to the tViange in 
status of the QE-sponsQred F\RDC's / 
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basis, therefore, they were cpnsidered integral 
components of universities and are included in' 
part I Other fields of science that experienced 
declines in 1973 were psychology, which fell 36 
perc'ent to $1 million, and the life sciences, which 
declined 6 percent to $34 million 

R&D expenditures for engineering have grow/i at^ 
the greatest annual rate of any field of science 
since 1964 This 6'percant growth rate vVas 
primarily due to a large increase in 1973 outlays 
Both the environmental and mathematical 
sciences increased 4 perce^'nt annually since 1%4. 
Again, iajge expenditure increases in 1973 repre- 
sent^ major portion of the growth Outlays for the 
physical and life sc/.^nces remained relatively 
stabj^>^ince 1964 Psycholpgy had the greatest 
annual t decline ~ 17 percent — while R&D 
expenditures m tfie social sciences increased at a^n 
annual r^te of 24 percent until 1972 Frora 1972 to 
1973 R&D\outlays for the social sciences declined 
84 percent This decline was due to the change m 
status of the^OE-sponsored FFRDC's 



In constant dollars, engineering increased at 
an annual rate of 2 percent from 1%4 to 1973 
Expenditures for the mathematical and environ- 
mental sciences remained relatively stable All 
other field^ of science declined in constant dollars, 
with psychology showing the greatest annuaj 
decline, 20pjercent 

Capital expencfitures for scientific and engi- 
neering facilities and equipment for research and 
development totaled $121 million in 1973 This 
represented a decline from 1972 of $7 million, or 5 
percent Since 1964 capital outlays Kave remained 
relatively stable for all fields of science except the 
physical ^and environmental sciences. In 1%8 
capital expenditibres for these areas totaled $89 
million Two years later, in 1970, this figure had 
increased 54 percent to $137 million But in 1973 
R&D outlaysyto these fields totaled $93 raillioi(ff or 
one-third lessythan the 1970 figure These fluctua- 
tions are primarily responsible for the sharp peak 
in total capital expenditures m 1970 — $163 
million ~ and subsequent decline by^ 1973 to $121 
million \ / 
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Limitations 

• 

The statistics presented in this report are subiet't to response 
and concept errors caused by several factors differences 
between/universitv concepts and survey definitions of R&D 
activities, and by variations in university accounting pro- 
cedures -Consequently, the difficulty of defining R&D expen- 
diturej in the sciences and engineering adversely affects the 
accuracy of the dy provided by respondents As the survey 
series f loses its sixth cycle, however, the inagnitude of the 
error attributable to the inadequacy of institutional record- 
keeping procedures is constantly decreasing, as more institu- 
tions, especially the larget ones, revise their procodufes tc^ 
yield the information requested SinCie the large universities 
account for the vast majority of R&D activities in the sciences 
and engineering, the qualrty of thbir. statistical reports has 
significant impact on the overall reliability of the survey data 



Scope and Coverage I 

This report is based upon the National Science Foundation's 
(NSF) SMeyoi Scientific Activities of In^itutions of Higher 
^ucation {Current and Capital Expenditures fbr Research, 
evelopmer)(Tand instruction m the Sciences and Engineering, 
113973) " Mail que^ionnaires were sent to 621 universities, 
4?icludmg ill institutions that grant doctorate or master's 
degrees inihe scjences or engineering and all other academic 
mstitutforfs believed to perform $50,000 or more in R&D 
e)<penditi!lres 



Folfc^i/p queries were mailed in September, November, 
and January, telephone contact was maintained with the 200 
institutions believed on the basis of prior surveys to have spent 
the largest amounts on R&D expenditures By )uly 31. 1974 
(last date prior to computer tabulations), 577 academic 
institutions or 92 percent of the universe, returned usable 



questionnaires, including ail of the 
formers 



100 largest R&D per- 



Methods of Estimating for Nonresponse 

In order to derive universe estimates of financial resources 
presented in this report, estimates were made for 50 institu- 
.^ions that failed to respond, to the*5urvey. as well as for 
nonsurveyed institutions These estimates were based on three 
types of sources f irst. other surveys such as the Higher 
Education General Information Survey, conducted annually by 
the U S Office of I ducation or nSF's CASE system, second, 
institutional sources! such as treasurer's reoorts, and third, 
completed questionnaires from institutions thVt reported data 
in e^lter surveys ' ' \ 

TJbtals from these, sources were distributed (by i[e\d of 
science, function, etc ) by computer At the heart of the 
imputation program is a deterministic/stochastic algorithm 
v^ich involyes the selection of a summary distribution based 
upon respondent characteristics by I^vel of degree granted and 
type of control The same system Iwas used in those cases 
where institutions reported total values for particular items but 
were unable to give detailed breakdowns The tabulation 
below shows that more than nine|-tenths of all surveyed 
institutions responded. Table A-1 shows that R&D estimates 



HM\i obti|mH in earher surveys in the series have Wn piibhshod by 
NSf {n Sciontiiic Acnvitie^ at' Univvr%ni^% and Colleges, 1964 (nSF 
(>8 22\, 1%a Resources for ^cifnttftc Activities at Universities and 
Coffees 7969 (NSf 70-1f>), 1970 and Resources for Scientific 
Mtivit^^ ^t Universities and CoHeRes 1971 (nSF 72 W). 1972 
(\V<»shiWton D( 20402 Supt of Documents US Government 
PrjntmfciOJtK e) No separate reports were issued on the 1972 and" 1966 
surveys \however resuirs of these surveys are in( ludod in this report \ 
Data (olfttx tod In the three surveys (Ondiif ted prior to the inception of 
Ihe present v>nes have been published in NSF s Scienf//ic Reseirch ind 
Oo^efopMcnt m ColleRes and Universities ^ Expenditures and 
Manpower\ U '19S8 Scientific Research and Development m 
(olleKes and Universities ~ ixperxiitures and Manpower 19S8, ^9b^, 
\nd Saentt^s and (nameers m Collef^es and Universities. 1%1 1%5 




Umitations 
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The statfstK s presented in this report are subject to response 
and concept ^rrors caused by several tactors ditterentes 
between university concepts and survey detinitions ot R&D 
activities, and by variations in university accounting pro- 
cedures Consequt'ntly the diUiculjly ot detining R&D expen- 
dituVes in the sciences and engineering adversely attects the 
accuracy of the data provided by respondents As the survey 
series closes its sixth cycle however, the nf>agnitude,of the 
error attributable to the inadequacy of institutional record- 
keeping procedures is constantly decreasing' as more institu- 
tions^ especially the larger ones, revise their procedures to 
yield the ihformat ion requested Sincewthe large universities 
account fc|r the vast maiority of R&D activities it^ihe sciencres 
dod Pogioppring fhe quality of their statistical leports has 
sji,nif leant impact op the \^erall rehabilitv uf the survey data 

Methods of Ksmnating for.NonreVponse 

In ord/r to\derive universe estimates of financial resources 
presented in ttik report, estimates were rrt^de for 50 institu- 
tions that failetJ to respond to the survey^ vvell as for 
nonsurveyed inH(Ujtions These estimates were based on three 
ty(^s of sources\irst. other surveys such as the Higher 
Education General Information Survey, conducted anriually by 
the U S Office of Educ^tioh or NSF's CASE system, second, 
institutionahsources such^>^ treasurer's reports, ancf third, 
completed questionnaires Irohvinstitutions that reported data 
in earli^ surveys ' \ ! 

Totals irofn these sources were distributed (by field of 
science, function, etc ) by computer At the heart of the 
imputation program is a deterministic/stochastic algorithm 
which involves the selection of a summary distribution based 
upon respondent characteristics by level of degree granted and 
type of control The same system was used in those ca*$e$ 
where mst^tutions reported total values for particular items but 
were unable' to give detailed breakdowns The tabulation 
below shows that more than nine-tenths of all surveyed 
institutions responded Table A-1 shows that R&D estimates 
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571 


919 1 


Doctorate 

Master's \ 
Hac helor's and no \ 


280 
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for nonrespondents totaled $94 million, or 3 percent j^i the 
$2 9 billion universe Only 21 doctorate and' 17 yfester's- 
granting institutions failed to respond to the siln*^ Imputa- 
tion rates for instruction and departmental re^fg^ch amounted 
to about 8 percent of the total (table A-2> The imputation 
rates for the departmental research component were substan- 
tially higher [19 percent), reflecting the conceptual difficulties 
of refX)rting 



"I. 
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Table A-2. Estimated current expenditures ior irtstruction and 
departmental research for nonrespoTuJent trad uate»defree^n ting 
institutions in the sciences and engmeennj, by field of science; 
- \ FY 1973 

(Oollars in thousandsl 





Instruction and 




? 




departmental 


Departmental 


Field of science 


research 


rejearch 


Estimated 


y 


'Estiijnated 






amount 


Percent 


amount 


f*erc€^nt 


Total 


S270,5«1 


7 7 


S167,431 


386 


f ngineenng^ 


21,973 


5 6 


16,029 


37 3 


Physical sciences 


30.480 


8 0 


17,448 


36 3 


6nvironmental 








sciences 


8,159 


8 2 


4,837 


35 1 


Mathematical 








sciences 


19,527 


7 7 


9,992 


36*5^ 


Life sciences 


110,947 


8 3 


74,278 


^9 


Psychological 








sciences 


15,290 


9 3 


6,252 


364 


Social sciences j 


51,478 


7 2 


32,001 


408 


Other sciences 


^2,727 


8 2 


6,594 


45 2 



Changes in Reporting Concepts for Fields of Science 

Total R&D expenditures wire collected by field of science 
for the firsl time in 1973 Prior to 1973, only research 
expenditures (basic and appi ed) were collected by field of 
science Estimates for development expenditures by field of 
science were made by NSF by (aUontacting ma|or universities 
with large development expenditures to ascertain how their 
developxusnUwpi^Hditlires were distributed by field of science, 
and (b) utilising fieldVof sciencA growth patterns m these 
institutions to prorate (^velopmerlt in earlier years BetvJ^en 
1964 and 1972 estinJaf^s for development expenditures, 
accounting for approximately 3 perdent of total R&D expei^dt- 
tures^ were added to each appropriate field of science ^ 

\ 
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TABLE A-1. CUilRENT RiD EXPENDITURES ESTIMATED fOR NONRESPONDENT UNIVERSITIES AND 
I COLLEGES BY TYPE OF INSTITUTION,'"^ 197: 1/ 

_^ (DOLLARS ' IN THOUSANDS) ^ 



>Onpci\ CHARACTER AND FIELD 



TOTAL 



AMOUNT 



PERCENT 
OF 
TOTAL 



INSTITUTIONS GRANTING DEGREES IN 
SCIENCE & ENGINEERING 



DOCTORATE 



AMOUNT 



PERCENT 
OF 
TOTAL 



MASTfeR*S 



AMOUNT 



PERCENT 
OF 
TOTAL 



BACHELOR'S 



AMO: 



ijJnt 



TOTAL 

SOURCE OF FUNDS: 

FEDERAL GOVERNMEI 
STATE .'GOVERNMENT, 
LOCAL GOVERNMENT J 
FOUNDATIONS^ & VOLtjNTARY 
HEALTH AGENCIES 

INDUSTRY ;...v 

INSTITUTION'S OWN FUNDS 

OTHER SOURCES 

CHARACTER OF WORK: 

BiSIC RESEARCH ^T: 

>WPLIED RESEARCH 

/ DEVELOPMENT 

FIELD OF SCIENCE: ' \ 

ENGINEERING (TOTAL) W/.] 

PHYSICAL SCIENCES (TOTAL) J 

(1) 4^STR0N0MY..., 

(2) CHEMISTRY ' 

(3) PHYSICS 

.(A) OTHER PHYSICAL SCIENCES, NEC, 

ENVIRONMENTAIf-^CIENCES (TOTAL) 

MATHEMATICAL SCIENCES (TOTAL) , 

(1) MATHEMATICS (EXCLUDING 

COMPUTER SCIENCES)...., 

(2) • COMPUTER SCIENCES 

LIFE SCIENCES (JOTAL) 

(1) BIOLOGICAL (INCLUDES \ 

AGRICULTURAL SCIENCES) 

(2) CLINICAL MEDICAL. . . 

(3) OTHER LIFE SCIENCES, NEC 

PSYCHOLOGY (TOTAL) 

SOCIAL SCIENCES (TOTAL) 

^ (1) ECONOMICS 

' (2) POLITICAL SCIENCE 

(3) SOCIOLOGY 

W OTHER SOCIAL SCIENCES, NEC 

OTHER SCIENCES, NEC (TOTAL)....', 

iThe Imputed dollar volume of sejwt^ely bui 
$2.\ billion universe total Uff all univers 

\ 



$93,953 



6^,961 
^,621 
599' 

18,6^1 
6,595 
5,813 
3,318 



361,677 
169,019 
27,375 



13,986 
12,235 
2^5 
^,771 
5,^07 
2,066 
3,701 
2,566 

2,588 
2,816 
51,^19 



3.2 



3.2 
1.7 
^.2 

1^.1 
7.6 
1.8 
^.8 



17.6 
16.1 



3.6 
3.6 



-±70- 

3.2 
6.8 
1.8 
3.4 

7.T" 

7.2 

3.4 




$81,134 



56,607 
3,820 
439 

17,657 
6,154 
4,150 
3,001 



354,695 
158.099 
25,687 



13»252 
9,263 
151 
3,683 
4,134 
1,515 
2,257 
' 2,260 

2,564 
48,236 

25,533 
32,571. 
2^7-26 
^ 2,399 
6,223 
1,297 
590 
1,164 
4,843 
2,3U 



2.8 



, 2.8 
1.4 
3.2 

13.8 
7.3 
1:3 
4.5 



17.5 
23.4 
16.2 



3.5 
2.8 
0.6 
3.4 
2.5 
5.7 
1.2 
3.1 

6.6 
6.7 
3.2 

3.3 
5.1 
3.6 
3.4 
2.9 
2.9 
2.4 
2.6 
5.2 
2.3- 



^6,928. 



4,992 
6i0 

^ -^4 

461 
217 
907 
110 



4,169 
3,283 
1,137 
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14.8 



16.3 
15.5 
10.5 

15.4 
12.5' 
14.6 
13.1 



19.5 
20.0 
12.6 



14.8 

irM^ 

40.1 

16.9 ' 

20.8 

14.2 

20.2* 

12.6 

30.0' 
4i.4 
13.1 

14.1 
13.3 
4.5 
21.2 
16.1 
10.3 
16.6 
18.i 
16.5 
14.9 



$5,416 



3,055- 
158 
95 

50i 
223 
655 
207 



2,745 
7,311 
470 



195 
1,209 
11 
.414 
763 
32 
362 
151 

98 
•60 
1,786 

1,603 
' 31Q 
112 
358 
1,852 
50 
42 
1,523 
237 
189 
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CURRENT RiD EXPENDITURES ESTIMATED FOR NONRES PONDER- UNIVERSITIES AND' 
COLLEGES BY TYPE OF INSTITUTION?,. FY 197:1/ 

, (DOLLARS IK 'piOUSANPS) ^ ' : 



TOTAL 



AMOUNT 



$93,^53 



64,961 
4,621 
599 

is, 641 
6,595 
5,813 
• 3,318 . 
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■3.6 


.33,0^48 


5.1 


2; 880 
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'*4.3 
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^ 3.0 
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61460 


6.3 
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3.2 
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14.1 , 

1.8 
■ 4,8'' 



17.6 
24.0 
16.1 
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INSTITUTIONS GRANTING D^CfeEES IN 
SCIENCE ^ .ENGtNEERJNC' 



.DOCTORA' 



AMDl 



$81,134 



56,607 
3^820 
i39' 

17,657 
6,154 
4,150 
3,001 



354,695 
158.099 
25,687 



13,252 
9,263 
151' 
3,683 
4,134 
l,Sd5^ 
■2,257 
I -2,260 

2,270 
2,564 
,48,236 




FERCENT 
OF 
TOTAL 



2.8 



2.^ 
1.4 
3.2 

13.8 
7.B 
1.3 
4.5 



17.5 
23.4 
; 16.2 



3.5 

2.8 

a. 6. 

3.4 

2.5' 

5.7 

3,1 

6.6 
6.7. 

3.3 
5.1 
i5.6 
3.4 
2.9' 
2.9 
2.4 
2.6 
'5.? 
Nj^3 



MASTER'S 



. AMOUNT 



$6,928 



♦ ,992 \ 

•54^ . 

461 
217 
907 
-110 



4,169 
3,283 
1,137 



PERCENT 
* OF- 
TOTAL 



14.8 



;6,3' 
15. *5 
- 10.5 

15.4 
12.5 
44,6 
13.(1 

\ 



\ 

19.5 
20.0 
12.6 



14.8 
17.1 
40.1 
16.9 
20.8 
14.2 
20.2, 
12.6 

30.0 
41.4* 
'13.1. 

14.1 
.13.3 
, 4^ 
.21.2 ' 
•16 a 
'10.3 
16.6 
18.3 
16.5* 
14.9 



ep^irately budgeted R&D expen^iitures of ?\onrespondent institatl^ns amounted to $^4 million, or 3.2 petcent of the 
'all universities anjj colleges, both respondents add nonrespandents. 
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•BACHELOR'S 



AMOUNT 



$5,416 



,3,05.5 
\ 158 



^^5 

501 

723 
655 
?07 



2,745 
7,311 
470 
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1,209 

ai 
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• ' 763 
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9^ 
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1,786 
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PERCENT 
OF 
TOTAL 



►3.8 



27.0 
68.0 
26.1 



a5.i 

27.2 • 
28.2 
.25.0 
28.5* 

46.4'^ 
31.2 
24 ..6 

24:4 
28*4 
36^.6 

39.8 

70.6 

27,1 

25.5 

22. '7. 

16.9 

24.0 

22.0 

30.7 

25M 
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AMOUNT 



$>i?5 



307 
33 

ii 

22 
1 

101 
0 



326 
81 



PERCENT 
OF 

TOTAL 



22,9 



19.0 
-31.1 
^7.9 

59.5 
100.0 
34.8 
0.0 



89.5 
20.2 
21.2*^ 
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Efforts to Unprove Da<a Quall^ 
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The Na\iQnal Science ^ouVdation as pari^ot its program to 
measure the reliability andSalidity of its Vurvev statistics 
contracted tor three special Mudies to assess the abilities of 
institutions to provide accurate R&D statistics and to improve 
survey definitions and instructions One such study consisted 
ot a 1-year special assignment for Dr Robert W>jght, Director 
of Institutional Research of the Central Staff of the State 
University ot New York Dr Wright^ visited 50 colleges and 
un»versities across the United States and conductVd m-depth 
» interviews with university officials who were resfA^nsible for 
tilling ouf the nSF forms As a result of Dr Wright's study, 
many recommendations were made ^for improving survey 
procedures and questionnaire formatAmost of which we;;e 
incorporated by NSF in the 1973 university and college survey 
systems Among the survey items \showing systematic 
respondent problenj^ere jhe following 



• Reporting information that distinguishes between basic 
research applied research, and development 

• Estimating expenditures for departmental research 

• Identifying the sources of support of separately budgeted 
R&D funds 

• Calculating indirect costs associated with separately 
budgeted R&D expenditures 

• Determining how exper^ditures are classified by field of 
science \ 



Of the SO institutions included in Dr Wright's study, many 
had difficulty reporting the breakout of separately budgeted 
R&D funds by activity basic research, applied research, and 
development About one fourth of the institutions said that all 
of their research vvas basic research, by definition ' — wh^Ch 
meant by administrative fiat or by what has previously been a 
high status trend rather than usiAg suiVey definitions /TTaiie 
number estimated the figures usW ^uch motTiods as ratios 
developed m past reporting periodsNi^edlfficuIty m reporting 
these d^ta is mdicatecf by the fact t^iaTone- fourth of the 
urtivei^itjes and colleges m the 1973 surJey did^/iot reC)ort data 
on basic research expenditures largely because of its unavaila- 
bility from central-records 
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on«ilS<ionco loun^on as a 
k L'nft within the Division of 



• *t)f Wright IS now omployod by^thc'Natio 
staff aWKiato m tho S(»on<o IndKotorv 
S«irn<e ftesour cos Studios j 
^Tf>ppfim(pal fiadm^is of Dr Wn^ht s study" wcfo published by NSF m 
K.ilu.!tionvof ifieNSf Survey of Scientific ActivUVsof lnstit«3tions of 
HiKhff fducdtion S«wn>bef 
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^ Similqrlv mAny institutions indicated difficulty in rep< rting 
the departmental research compor^ent of the Instructior and 
"^ipartm^r^lal Research account Of those respondent mititu- 
tiobs some described theke reporting Imethods assurT|ed 5 
pertent for all fields, assurfied one dav s equivalent per Week 
tor departmV«taI research and, requested that departmental 
chairmen estimate the proportion of time that faculty spent on 
departmental r^arch 



^Among-th4 problems encou^^r^in identifying the sources 
of R&D Suppcy-t, many questioned wjTV kinds of expenditures 
are to be included in ' Institution's t>cn>!^unds " About 
onethird indicated that they reported the Mcurrm bur sable 
indirect costs defrayed by their own institution Others 
included ^State appropriations and allocations, endowment 
.funds, and released time of faculty In the Federal column as a 
source of support for research, the NSF instructions ask that 
Feder^funds channeled through State agencies be' reported as 
Federal, not State, funds But, several institutions were not 
able to identify such Federal funds, resulting in underreportyig 
for Federal sources and overreporting of State funds 



About one-half of the institutions had indirect cost data in 
the institution s financial records For thos^ without records on 
indirect costs, an estimate was made by using such mirHbds as 
the federally audited indirect cost rate and applying it to 
research totals Although most institutions indicated that 
"unreimbursed indirect costs^^ere real financial factors to 
them, very few had actual records on which to base statisltical 
reports ^ 



When asked'^ow expenditures are classified by field of 
sciencp, most institutions used the department, the account, 
or the principal inve^t|i»tor's departmental assignment as the 
indicator This praCtic# of uSink the sponsoring<Jepartment to 
identify field of scfgicE leads to several problems First, 
expenditures mav be categorued incorrectly because of the 
seniority or otheA nonscience aspects of the principal investi- 
gator, the coinciUental location of facilities, and the like 
Second, the reporting of extJerjditures by fields of science is 
he^^ dependent on the organizational makeup of the 
institution, and can change as reorganizations are effected 
And third, the distribution of sdientifii^ffort as defined ojj the 
NSF form might not correspond to departmental titles, 
especially in interdisciplinary fields 



\ 



In addition to the study conducted by Dr Wright, the 
National Science Foundation ie^igaged Columbia Research 
Associates to conduct a pilot study of institutional reporting to 
NSf expenditure and manpower surveys The s'tudy was 
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^ilarly many institutions indicated difficulty m reporting 
the dej^artmental research component of the Instruction an^ 
Departmental Research account Of those respondent institu^ 
tions sbme described these reporting methods assumed 5 
percent Vor all fields assumed one day's equivalent per week 
tor depaVtmentai research and requested that departmental 
c hairmer^ estimate the proportion of time that faculty spent on 
departmental research ^ 

'\ i 



fmor^gtrte problems encountered m identitying the sources 
ot R&D su)^p)brt many questioned what kinds of expenditures 
are to be irtcludtxi in Institutions Own Funds" About 
one-third indicted that they reported the unreimbursable 
indirect costs d^^wyed by their own institution Others 
included State appropriations and allocations endowr^ent 
tunds and released ti>m^f faculty In the Federal column a\a 
source ot support for rese'^irch. the NSF instructions ask thaK 
I ederal tunds channeled through State agencies be reported as 
Federal not State, funds. But.' Wral institutions were not 
able to identify such Federal funds, resulting in underreporting 
tor Federal sources and ove/eporting of State funds 



About one-half of ihe^nstitutions had indirect cost data in 
the institution's financial records^For those without records on^ 
ir\direc^t^c2^ls^n estimate was made by using sucfi methcxls as 
the federallyal^ited indirect cost rate and applying it to 
research totals Ullhough most institutions mji^ated that 
unreimburseii inWirect costs" were real financial factors to 
them, very tew haW actual records on which to base statistical 

'^^ \ 

When asked how expenditures^ are classified by ireld of 
science, most institutions used the department, the account, 
or the principal investigator'^ departmental assignment ^ the 
indicator This practice of usfing the sponsoring departmJit to 
identifyl field of> science leads to seveVal problems . First, 
expendirtires may b^ categorized. incorreAtly because of the 
senioritybr othej^n science aspects oi tit principal inv^ 
«ator thi. corficidental location of faciimes. and >h^ke 
Secortd, the reporting of expenditures by ftld^. of science is 
heavilv dependent on the organizationalVtaakeup ot the 
institution and can change as reorganizations are eftected 
And third, the distribution of scientific effort Is defined on {he 
NSf foffri might not , correspond to depJrtn\ental '^titles. 
especially in interdisciplinary fields * \ < 

. - 

In addition to the study conducted by Dr Wright, the 
N<itional Science Foundation engaged Columbia Research 
Associates to conduct a pilot study of ihs^itutional reporting to 
NS( expenditure and manpower surveys The stuc|y was ' 



designed to ascertain/ whHher"7t is feasible to measure the 
extent of reporting errors Nine institutions were select^ 
Harvard University, "Massachusetts Institute of ' Technology, 
Yale University, S U N Y -Albany. Columbia UmVersity! 
Princeton University, University of Maryland, Johns Hopkins 
University and the University of Virginia Most of these nine 
are maior research institutions whieh -together account for 13 
percent oMhe Nation's academic research and development 
Although a sample of only nine institut'ions is clearly too small 
to permit statistical inferences for the population, corisistent 
-patterns among these nine institutions showed the t^jllowing 



(1) OveH^porting of R&D expenditures 

(2) Difficulty m identifvmg expenditures by type of research 
(basic , applied, and development) 

(3) Departmental research expenditures generally not avail- 
) ^^^^ 



^ The^verreporting of .R&D expenditures 'was principally 

caused l^y the inclusion of capital equipment, training grants. 
■ and subcontracting expenditures NSF instructions for the 1973 
survey requested that current fund expenditures for all capital 
equipment ^d facilities be excluded from current R&D 
expenditu^ Respondents found it difficult to comply with 
A this in^^ction since their current fund accounts usually 
induct small eq.uipm^t purchases NSF in its 1974 R&D 
expenditure survey Rfodified the definition of current R&D 
\ expenditures to include equipment expenditures that cost less 
than an institutionally defined minimum around $^00^or$500 

Tramirie/grants wefenhcloded in the research expenditures 
two^ools Although som«? contributions to the lesearch - 
^ IS accomplish^ witfi (raining grant" funds. n\H, the 
ijor grantor of trainrfi^ f un\js, \considers their contribiJfior> to 



r^earch minor and indd^terminate 



ant frdm 



A third study was conducted urtier a grant frdm nSF bV the 
National Center for Higher Education Managel>ent Sysiems 
fNCHEMS) with the ob|ective of' bringing the\ NSF sulvey 
concepts more in Ime with academic recordkeeping knd 
accounting systems, In the course if this project, a document 
was developed on the R&D experlditure survey format and 
instructional frame\vork and widpIV revwwed by fepresenta« 
tives of universities ^nd colleges thr\>ughout the country This 
project and its attendant review process served to identify 
reporting problems that confirmed the two earlier studies 




APPENDIX B 
Statistical Tables 

Universities and Colleges (Part I) 



CURRENT SEf ARATEIY BUDGETED R&D EXPENDITURES 

B-1 By yeai and source of funds, FY 1953-73 
B-2 By yeai and character of work. FY 1953-73 



CURRENT SEPARATELY BUDGETED R&D 
EXPENDITURES BY SOURCE OF FUNDS, 
CHARACTER OF WORK, AND FIELD OF SCIENCE 



B-3 
8-4 

B-5 



B-6 



Summary for selected ye^rs, FY 1964-73 
Summary for all doctorate-granting 
institutions, selected years, FY 1964-74 ' 
Summary for all doctorate, master's, 
bachelor's, and no science degree-granting 
institutions, FY 1973 

Summary for all Federal, State, local, and 
private institutions. FY l973* 



FEDERALLY FINANCEDCURRENT R&D 
EXPENDITURES BY CHARACTER OF WORK AND 
FIE1>Q0F SCIENCE 

B-7 Summary for selected years. FY 1964-73 
B-8 Summary for^all doctorate, master's, 

bachelor's, and no science degree-granting 

institutions. FY 1973 
B-9 Summary for all Federal, State, local, and 
^ private institutions, FY 1973 



GEOGRAPHIC DISTRIBUTION OF SEPARATELY 
BUDGETED CURRENT R&D EXPENDITURES 

B-10 



^ Total R&D expenditures for selected years. FY 
^ / 1%4-73 

By character of work, total and federally 
financed, FY 1973 

Federally financed for selected years, FY • 
1%4'73 

By source of funds for all institutions: FY 1973 
By source of funds in public institutions, FY 
1973 

B- 15 ^y source of funds in private institutions. 
FY 1973 

By field of science for all institutions, FY 1973 
By field of science in public institutions. » 
FY 1973 

By field of science in privat^ institutions, 
FY 1973 



B-11 

B-12 

B-13 
B-14 



IM6 
■B-17 

B-18 



PERCENT DISTRIBUTION OF R&D EXPENDITURES 
GROUPED BY UNIVERSITIES AND COLLEGES WITH 
-^LARGEST R&D PROGRAMS 

B- 19 By source of funds, FY 1973 
B-20 By field of science, FY 1973 



56^. 



23 



CURRf NTSBPARAtBLY BUDGETED R&D EXPENDITURES 

B-1 By year and so^ceot funds, FY 1953-73 
. B-2 By year and character of work. f\ 19S373 



CURRENT SEPARATELY BUDCLTED R&D 
rXPENDITURES BY SOURCE OF FUNDS. 
CHARACTER OF VsfORX, AND FIELD OF SCIENCE 



B-i 
B-4 

B 5 



B-6 



Summary tor selected .years, FY 196473 , 
Summary for all dcx:torate»granting 
^nst^utions, selected years, FY 1964-74 
Summary for all doctorate, master's, 
bachelpr s and ao'scierKe degree-granting 
institutions FY 1973 

Summary for all Federal, State local and 
prnvate institutions FY 1973 



F EDERALLY FINANCED CURRENT R&D 
EXPENDITURES BY CH\RACrER OF WORK AND 
FItLD OF SCIENCE 



Bv7 
B-8 



B-9 



Summary for selected years, FY 1964-73 
Summary ior all doctorate, master's, 
bachelor's and no scienc(fdegree-grant(ng 
•inst'tution.s, FV1973, 
Summary for-allTederal, State, localf and 
• private institutions, FY 1973 



GEOGRAPHIC DISTRIBUTION OF SEPARATELY 
BUDGETED CURRENT R&D EXPENDITURE 

B-10 Total R&D expenditures for selected years, FY 
1%4-73 

B-11 By character of work, total and federally 

financed * FY 1973 
B-12 federally financed for selectee! years, FY 

1%473 

B- 1 ? By source of funds for all institutions, FY 1973 ' 
B-14 By .source of fund^ in public institutions, FY 
1973 

B- IS ^ By souri^ ot funds in private institutions, 
' FY 1973 * » 

B» 16 By field of s^lenre for all institutions, FY 1973 
B-17 By field of science in public institutions, 
FY 1973 

B-18 By field of science in private institutions, 
- F^ 1973 V 

- \. , 

PFRCENT DISTRIBUTION OF R&D EXPENDITURES 
►GROUPED BY UNJVERSlTIE^^ AND COLLEGES WITH 
lARGEST R&D PROGRAMS 

*> 

B n By source of funds, f Y 1973 
B-20 l^fieldof science, ^Y 1973 
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26 
27 

28 
29 



*30 

31 
32 



•35 

34 

3S 
36 

57 

38 
39 

40 

41 ' 



42 

43 t 



SEPARATELY BUDGETED CURRENT R&D 
EXPENDITURES IN DESCENDING ORD^R OF . 
AMOUNtS, BYINS'TITUTION - ' * 

' [i'^2 Source of funds for 400 largest R&D performers, 
^ FY 1973 * ' ' ' 

B-22 Source of funds for 150 lar^t public 

universities, FY 1973 ' I 

B-23 Source of funds for 100 largest private \ 

universities. FY 1973 
B-24 Broad lield of science for 200 largest R&D 

perforrfiers, FY 1973 
B-25 Broad field of science for 100 largest public 

universities, FY 1973 
B-26 Broad field of sciegce for 100 largest private 

universities. FY 1973" 
B-27 federally financed broad fields of science for 

150 largest R&D performers, FX 1973 
B-28 Federally financed broad fields of science for 

100 largest public universities. FY 1973 
B-29 Federally financed broad fields of science for 

100 Iarge5t private uniyersities. FY, 1973 
B-30 Total and federally financed life sciences for 

the 100 largest performers in the life scier)ces, 

FY 1973 ' , * . 
B-31 Detailed physical and mathematical sciences 

for 100 largest performers m the physical 

sciences, fV 1973 
B-32 Detailed federally financed physical and 
^ mathematical sciences for the 100 largest* 
* ' performers in the physical sciences. FY 1973 
B-33 Total and federally firuncecl social sciences 

for th&nlOO largest performer\ in the social 

sciences. FY 1973 / 

CAPITAL EXPENDITURES FOR SCIENTIFIC AND 
ENGINEERING FACILITIES AND EQUIPMEN?^ FOR 
RESEARCH. DEVELOPMENT AND INSTRUCTION 
I^'34 Total and federally financed by field of sciince 

for selected years^ FY 1%4-73 \ j 

B-J5 Tojal and federally financed by field of scieVjce 

for doctorate, master's. bacheloK^and no 

science degree-granting institutions, FY 197^ 
B-36 Total and federally financed by fi^ld of science 

for Federal. State, local, and private 

institutions. FY 1973 
B-3f Geographic distribution of total capital 

expenditures, by field of science, F^ 1973 • 
B-38 Geographic'distributlon of fed^ral^V financed 

ejtpenditUreSj by field of science, FV 1973 
»B ?9 Total capital {expenditures in desceridmg order 

ot amounts f^r the 150 largest institotioni. FY 
. ' ^1973 ^ 

B-40 Federally financed expenditures in descending 
order of arf^ounts for the 150 largeM 
institutions. FY 1973 
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ReO FXPEKtlTlRES IN UMV?RSITIES ifiO COLLEGES. BY YEAR ANO SOURCE^OF FUNDS, tJ 195>.\? 
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TABLE B-2. 



CUPRENT Ren EXPENCITU^ES IK UMVERSJTIES A^)|D COLLEGES, BY ^EAR AND CHARACTER OF WCRKt^YiM 

{MLL;|iS in MILLIONS)' 



KM.. 

19*3 

1954. 

1955.. ....... 

•19 56 ...'i 

1957 X 

19 58 \ 

19 59....' 

1960 

I9ei 

19^2 

190 

19i4 ^ 

1965 

1966 

19(7 

1968 

1969 

19 70 

1<;71 

*197? 

191^ i.. 



7CTAL 



BAiI£.£E^A££h." I 

AKCUM I PERCENT 

^ i 1 



AMOUNT 



$ 255 1 




110 


1 43.1 1 


$130 


290 1 




136 


1 46.9 ' 1 


137 


312 1 




159 


1 51.0 1 


136 


372 " 1 




200 


1 53.8 1 


147 


410 1 




240 


1 58.8 1 


145 


456 1 




281 


1 61.6 1 


148 


526 1 




343 


1 .65.2 1 


. 155 


646 1 




433 


1 67.0 1 


179 


763 I 




536 


1 70.2 1 


U2 


904 1 


. 


659 


1 72.9 1^ 


Us 


1,081 1 




814 


1 75/3 1 


227 


1,275 1 


1, 


003 


1 '78.7 1 


232^ 


1,474 1 




138 


1 77.2 1 


279 


1,715 1 


1, 


303 


1 76.0 1 


328 


1,921 1 


1, 


457 


1 75.8 1 


374 


2,149 ' 


1, 


649 


1 '76.7 ^ 1 


404 


2,225 1 


1, 


711 


1 76.9 1 


407 


2,335 1 


1, 


796 


1 76.9 1 


427 


2,500 i 


±r914 


1 76.6 1 


474 


2,675 » 


2, 


023 


1 75.6 1 


541 


2,934 1 


2, 


058 


' 70-1 1 


705 



J 



PERCENT 

j:f total 



51.1 
47.2 
43.6 
39.5 
35.4 
32.5 
29.5 
27.7. 
25.2 
22.7 
21.0 
18.2 
18.9 
19.1 
19.5 
18.8 
18.3 
18.3 
19.0 
20.2 
24.0* 



Emc . 



60 



25 



L 



6i 




25 



6i 



TABLE 
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CURRENT Peo EXPEKCilURE'S IN UNIVERSITIES AND COLLEGES* BY SOURCE oVfuNOS» 
CHARACTER CP WCRK • AND FIELD 0<= SCIENCE, FOR SELECTED YEARS, FY 1964-73 

(DOLLARS IN TkUSANDS) 
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186,782 


42,489 


j ) 57,621 1 


72,413 1 


^ 71,087 


, N/A 


! ' N/A 1 


N/A 1 


N/A 


N/A 


N/A » 


N/A 1 


N/A 


872,336 


1,037,03; 1 


1,194,249 ' 


1,353,829 


422,483 


' 490,607 1 


547,193 1 


678,647 


389,618 


477,346 * 


549,121 1 


604,587 


60,235 


69,078 j 


97,935 ' 


70,595 


40,143 


59,286 ' 


59,250 1 


69,213 


109,279 


167,986 


168,669 ' 


:205,778 


31,695 


35,017 


38,616 ' 


46,829 


8,979 


1 20,742 1 


19,273 1 


21,438 


20,000 


1 38,587 1 


44,383 1 


57,537 


48,605 


1 73,640 1 


66,397 1 


79,974 


36,535 


.|* ' 77,4451 


88,817 1 


104,964 



2,674,728 



1,838,446 
250,059 
15,486 

128,632 
74,792 

309,654 
57,659 




2,903,55^^ 



2,044>^58 
270,850 
14,386 

131,757 
86,385 

317,396 
68,420 



2,058,430 
705,142 
169,880 



384,452 
340,954 

24,128 
115,091 
171,267 

30,468 
200,376 

74,683 




797,206 
642,661 
78,127 
74,376 
235,607 
46,645 
25,768 
61,089 
102,105 
105,110 
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TABLE B-A. 



SOURCE, CHARACTER AND FIELD 




CURRENT R&D EXPENDITURES \^ DOCTORATE GRAkllNG UNiVElisiTIES AND COLLEfe^S, 
SOURCE 0^ FUNDS, CHARACTER OF WORK^AND FIE(,D pF SCIENCE, FOR 
SELECTED YEARS, FY \96^-73 



TOTAL CURRENT R&D EXPENDITURES 



SOURCE OF FUNDS: 



(DOLLARS IN THOUSANDS) 

r 1 — 

196^ I 1966 



FEDERAL GOVERNMENT 

STATE GOVERNMENT. 

LOCAL GOVERNMENT 

FOUNDATIONS & VOLUNTARY 

HEALTH AGENCIES 

INDUSTRY 

INSTITUTIONS' OWN FUNDS. 
OTHER SOURCES 



CHARACTER OF WORK: 



BASIC RESEARCH... 
^PLIED RESEARCH. 
DEVELOPMENT 



\1, 249, 610 



898,747 
120,016 
9,762 

\ 



FIELD OF SCIENCE: 

ENGINEERING(tOTAL*) 

PHYSICAL SCIENCES (TOTAL) 

(1) ASTRONOMY 

(2) CHEMISTRY 

(3) PHYSICS 

(4) OTHER PHYSICAL SCIENCES, NEg. 

ENVIRONMENTAL SCIENCES (TOTAL)... 
MATHEMATICAL SCIENCES (TOTAL) 

(1) MATHEMATICS (EXaUDING 

COMPUTER SCIENCES) 

(2) COMPUTER SCIENCES 

LIFE SCIENCES (TOTAL) t 

(1) BIOLOGICAL (INCLUDE 

AGRICULTURAL SCIENCES)^... 

(2) CLINICAL MEDICAL 

(3) OTHER LIFE SCIENCES, NEC 

PSYCHOLOGY (TOTAL) 

SOCIAL SCIENCES (TOTAL) ^. 

(1) ECONOMICS 

(2) POLITICAL SCIENCE 

(3) SOCIOLOGY 

(4) OTHER SOCIAL SCIENCES, NEC. 
OTHER SCIENCES, NEC (TOTAL) 



),OlV 



60 
39 

100,504 \ 
. 21,018 . 



982,671 
227,157 
39,782 



157,850 
213,677 
15,412 
71,947 
112,530 
13,770 

49,369 
31,260 

N/A 
N/A 
679,888 

330,438 
295,486 
53,96% 
29,007 
74,523 
16,116 
^,262 
17,070 
31,045 
14,036 



1,672,801 



1,230,847 
141,373 
11,514 

74,531 
40,249 
143,525 
30,762 



1,277,690 
321,872 
73,239 




I 
I 
I 

V249,676 j 
H^83,713 
22,397 j 
84,698 j 
159,833 j 
16,785 j 

62,755 
41,750 I 

N/A 
N/A 
866,960 

418,624 
385,571 
62,765 
35,174 
98,901 
21,320 
12,280 
22,696 
42,605 
33,872 



2,092,114 



1,532,312\ 
158,572^ 
10,047 

91,036 
53,116 
211,854 
35,277 



1,617,277 
388,854 
86,083 



300,526 
. 307,226 
23,803 
97,609 

168 , 343 
17,471 

114,970 
55,608 

N/A 
N/A 
1,021,373 V 

477,614 
475,612 
68,147 
53,881 
159,607 
33,968 
20,042 
36,889 
68,708 
79,023 



1970 I 
m — p- 



1972 



2,286,182 



1,615,276 
202,769 
11,428 

106,742 
58,479 

237,588 
53,900 



1,768,569 
413,862 
103,751 



311,487 

18,356 
97,303 
158,182 
23,926 

121,634 
70,389 

N/A 
N/A 
1,181,772 

537,253 
547,083 
97,436 
56,280 
161,627 
37,709 
18,362 
43,157 
62,399 
85,226 



2,609,608 



1,794,874 
246,429 
13,901 

124,342. 

72,977 
300,764 

56,321 



1,983,560 
523,435 
102,613 



341,330 
322,861 

22,981 
106,506 
157,029 

36,345 

180,922 
69,060 

N/A 
N/A 
1,336,312 

665,460 

601,121 
69,731 
64,789 

194,031 
45,804 
20,419 
51,293 
. 76,515 

100,30? 
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CURRENT IR&D EXPENDITURES IN DOCTORATE GRANTING UNIVERSITIES AN^ COLLEGES, 

BY Source of funds, character of work, and field of science^ for 

SELECTCD YCARS, FY 1964-73 



(dollars in thousands) 



CTER AND FIELD 



i 



1964 1 


1966 ! 


1968 1 


1970 ! 


1972 1 


^ 1973 


249,610 1 

s 

898,747 
120,016 
9,762 


1,672,801 1 


2,092,214 ! 


2,286,182 ! 


2,609,608 


2,861,895 


1,230,847 ! 
141,373 ! 
11,514 j 


1,532,312 1 
158,572 ! 
10,047 1 


1,615,276 . ! 
202,769 ! 
11,428 1 


1,794,874 
24^,429 
13,901 


1,994,002 
266,375 
13,546 


60^17 
39,546 
100 504 
21,018 


74,531 I 
40,249 
143,525 1 
30,762 ! 

i ' i 


91,036 1 
53,116 ! 
211,854 I 
35,277 j 


106,742 ! 

58,479 j 
237,588 I 

53,900 j 


124,342 , 
72,977 
300,764 
' 56,321 


127,534 
84,039 
! 309,312 
67,087 


982,671 
227,157 
39,782 


1 i 

1 1,277,690 j 
1 321,872 1 
1 73,239 j 
1 i 


1,617,277 j 
-388,854 1 
86,083 j 


1,768,569 1 
413,862 1 
103,751 1 


1,983,560 
523,435 
102,613 


1 2,026,767 
1 676,384 
1 -158,744 

i 


157,850 
213,677 * 

15 412 
*7ll947 
112,530 

13,770 


!' 249,676 \j 
j 283,713 1 
22 397 \ 
84,698- |\ 
j 159,833 j 
1 16,785 j \ 


300,526 j 
307,226 1 
23,803 1 
97,609 j 
168,343 1 
17,471 I 


311,487 
297,767 
18,356 
97,303 
158,182 
23,926 


341,330 
322,861 

22,981 
106,506 
157,029 

36,345 


j 379,519 
326,246 

I 23,882 
109,465 

j 166,153 

1 26,74^,^ 


49,36^ 
31,260 


! 62,755 ! ^ 
j 41,750 j 


[ 114,970 
^ 55,608 


121,634 
70,389 


180 ,'922 
69,060 


I V 193,630 
I 72,820 


N/A 
N/A 
679,888 


1 ^ N/A i 
j . N/A 1 
866,960 I 


N/A 
N/A 
L,d2lv373 


N/A 
N/A 
1,181,772^ 


N/A 
N/A 

! 1,336,312 


I 34,639 
I • 38,181 
1 1,503,007 



D EXPENDITURES 



«T. 



LUNTARY 

es 



H FUNDS. 



I-) i 

5 (TOTAL) I 

I 

I 

. . . J 

I 

I 

:AL sciences, NEC j 

IBNCES (TOTAL) j 

BNCES (TOTAL) j 

(EXaUDING I 

SCIENCES)...'. j 

lENCES I 

DTAL) I 

(INCLUDE j 

RAL SCIENCES) j 

DICAL I 

SCIENCES, NEC j 

L) ! 

(TOTAL) >....| 

I 

■CIENCE .^..%^.-4< 

L SCIENCE^^C j 

NEC (Tom) I 



330,438 
295,486 
53,964 
29,007 
74,523 
16,116 
9,262 
17,070 
31,045 
' 14,036 



418,624 
385,571 
62,7d5 
35,174 
'^J&,901 
2A,320 
U,280 
22,696 
42,605 
33,872 



477,614 

475,612 
68,147 
53,881 

1^9,607 
33,968 
"20^042 

436,889 
68,708 
79,023 



537,253 
547,083 
97,436 
56,280 
161,627 
37,709 
18,362 
43,157 
62,399 
85,226 



665,460 

601,121 
69,731 
64,789 

194,031 
45,8^4 
20,419 
51,293 
76,515 

100,303 



785,174 

641,052 
76,781 
70,639 

215,202 
45,311 
24,810 
51,756 
93,325 

100,832 
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TABLE B^S. 



CUH^NT BSD EXPENOITUfitS IN UNIVERSITIES AND COLLEGES BY SOUfiCE OF FUNDS, 
CHARACTER OF WORK, FIELD Of SCIENCE, iND TYPE OF INSTITUTION: FI 1973 

* ^ ' \ * 

^ . (DOLLARS^lN THpUSANDS) ^' 



SOURCE, CHARACtER AND FIELD 



I .TOTAL 



XCIAL CORhENT dGD EXf ENDITURES 

<& \ 

SOlifil^E Oi FUNDS: 1 

F^kaL GOVEaNrtSNT * 

STA^Tfl^OVEnNMENT ; 

LOCAL TiOVEaHWENT 

FCUNiiAtlONS 6 VOLUNTARY 

HEALTH AGENCIES ^ 

IN.DUS1R£ 4 . . , 

INSTITUTIONS' OWN FUNDS 

OTHEtt SOUfiCiiS 

/ 

CHAhAClBB Of WO^K: 

BASIC hcSEARCH ^' 

APPLIED EESEARC«,.. 

DEVELCtfliiNT.. . . j#i . . w.^. 

FIELD OF ^SCIBNCE: 

ENGIhEEHlNG^ (TOTAL).. 

PHYSICAL SCIENCES (TOTAL)^* 

(1) ASTHONOKY I 

\ {Z) CHEWISTHY i 

(3) PHYSICS. ^ 

(4) OTHER. PHYSICAL SCIENCES, NEC 
ENVIC<ON}lENTAL SCIENCES (TOTAL).*... 
MAIHEWATICAL SD^ENCES (TOTAL) 

(1) MAlHEttATiCS (EXCLUDING 

"^COttPUT^B SCIENCES) 

{Z), COMPUTER SCIENCES 

LIFE SCIENCES (TOTAL) * 

(1) 'BIOLqGICAL (INCLUDES 

AGRICULTURAL SCIENCES).....,. 

(2) CLINICAL flEDICAL 

(3) OTHER LJFE SCIENCES, NEC 

PSYCHOLOGY (TOTAL) 

SOCIAL SCIENCES (XOTAL) 

(1) ECONOniCS 

(2) POLITICAL SCIENCE 

■ (3) SOCIOLOGY 

(4) ^ OTHER SOCIAL SCIENCES, NEC...'. 
OXHEh SCIENCES, NEC (TOTAL). 



2,933,552 



\2,0a^,3'58| 


1,99a, 0021 


30, 6531 


18,0881 


1,615 


\ 270,8501 


266^3751 


3,9471 


a22| 


f06 


\ ia,386| 


13,5a,6| 


\ 5131 


3081 


. .19 


\ 131,7S7| 


127,53a| * 


\ 1 
2,991 1 


1# 1951 


^7 


\ 86,3851 


8a,039| 


1,7^51 - 


6101 


1 


^ 317,3961 


309,3121 


6, 19^61 


1,598| 


290 


\ 6d,a20| 


67,0871 




a90| 


2 



2,058,a30 
705, ia^ 
16d,980 



38a, a5i! 
3ao,95a 

—24-, 128 
1 15,091 
171,* 267 
30,468 
^00,376 
7a,d83 



35,8^7 
38,856 
1,517,99,a 

797,20^ 
6a2,66l 
78,127 
7a, 376 
235,607 
a6,6a 5 
"55,766 
' 61,089 
102,105 
105,110 

28 



INSTITUTIONS GRANTING DEGREES IN 
: SCIENCE S ENGINEERING 



DOCTORATE 



2,861,895 



2,026,767 
.676,38a 
158, 7aa 



PIASTER'S 



a6,876 



2i,a2a 

16,396 
9,056 



BACHELOR'S 



22,711 



66 



10-, 163 
10,750 
1,798 



379,5191 


3,5251 


1,2951 ^ 


113 


3;i6,2a61 


10, 157 1 


a,aaat 


t07 


23,8821 


2071 


391 


0 


109,a65| 


3,955| * 


1,6591 


1.2 


166, 1531 


2,3a3| 


2,6771 


94 


Z§,7a6| 


. 3, 6521 


69i 


1 


193,6301 


a, 3331 


1,l60i 


1,253 


7Z,820| 


J,17a| 


6131 


76 


3a,^39| 


^lOj 




76 


38,1811 




2111 


0 


1,503,0071 


10,0221 


.^#8801 


85 


785,17a| 


7,9381 


a, 0271 


67 


6ai,052| 


1, 1521 


, a39| 


18 


76,7811 


9321 


ai4| 


0 


70,6391 


2/31VI . 


U40at 






'11,92ffl, 


8^1621 




a5,311| 


1,0381 


. 2961 


0 


2a, 8101 


7821^ 


1751 


1 


51,7561 


2,ai3i 


6,9191 


1 


93,325| 


7,6951 


7721 


313 


100,8321 


3,4201 


7531 


105 



HO SCIEHCE 
DEGREE 



2,070^ 



76 
1,612 

382 



TABLE B-6. CUBBBNT B6^D EXPENDITUBES I« UHirEBSItlBS AND BY SOOBCB* QF FOHDS, 

GHAHACTBfi b? «OBKr FIELD OF SCIENCE, AMD CONTBO^: FY 1973 

" • (DOLLARS IN TUOdsANDS)' 



SOUftCE, CHARACTER AND >IELD 



TOTAL CUBBENT BSD EXEENDITURES , 



SOURCE OF FUNDS: 



FEDEKAL GOV ERNttENlT . . . , 

- STATE GOVERNHENT 

'local GOVERNHENT..../.... 
, FCiUNDAI'iONS t VOLUNTARY 
HEALTH AGENCIES.. . . 

INDUSTRY ...1.^ 

^ INSTI1UT10NS» OWN FUNDS. 
OTHEH SOURCES. 



\ 



ChArtACTErt OF HOB^: 



BASIC RESEARCH... 
APf.LI£D RESEARCH. 
DEVELOPMENT 



FIELD {jI SCIENCE: 



1 



ENGIiNEEttING (TOTAL) , 

PHYSICAL SCIENCES (TOTAL). ...^ 

(1) ASTaoNon^ '. 

(2) CHEHISTRY 

(3) PHYSICS J 

(U) OTHER PHYSICAL SCIENCES, NEC.. 

KNVIttONnENTAL SCIENCES (TOTAL)....., 
HATHLMATICAL SCIENCES (TOTAL) , 

(1) HAThEHATrCS (EXCLUDING * ' . 

COHPUTEft' SCIENCES) , 

(2) COnPUlEft SCIENCES , 

LIFE SCI£fNCES (TOTAL) , 

(1) BIOLOGICAL (INCLUDES 

AGRICtJLlORAL SCIENCES) , 

(2) CLINICAL HEDICAL 

\(3) CTilEfi'LIFE SCIENCES, "NEC. v.. 

PMChOLOGY (TOTAL) , 

SOCIAL SCIENCES (TOTAL) ,. . . , 

(1) ECQNOniCS.. . 4..., 

{2) POLITICAL SCIENCE 

(J) SOCIOLOGY , 

(*4) OTHER SOClALv SCIENCES, NEC...., 
OTHEF SCIJENCESr NE^ (TOTAL) \. 



TOTAL 1 


PRIVATE 


^ ■ 


POBIfIC 








, XU i Ai« 1 


r £U£RAL 1 STATE 1 


LOCAL 


2,933,5521 


1, 137, 123 


l,796,a29i 


1 * 1 ' 

5,0861 1,761,5001 
• 1 j ^ 

1 >i 1 


29^,843 


2,oaa,358i 

270,8J50| 

ra,3B6| 


8^8,938 
2^,690 
' 5,517 


1, lU5,a20| 

2aari60i 

8,8691 


S,086| 1,121,^81 
01 243,7(^51 
01 ' 8,0331 


19,006^ 
' . 055 
* 836 


131,7571 
,b6,3'&5| 
317,3961 
68,0.201 


71,217 
3a, 255 
68,2981 
32,208 


bO,5aoi 

'52,1301 
20^,0981 
36'^212| 


01 58,2331 
01 5V219I 
01 2a6,262J 
01 32,7^<}|^ 


' 2,307 
911 
2,836 
3,092 



2,058,030 
705,102 
169,-980 



380,052 
300,950 
20,128 
115,091 
171,267 
.30,068 
ip0,376 
f,683 

35,827 
38,856 
1,51), 990 

797,206 
602,661 

78,127 

70,376 
2J5,607 

06,605 
* 25,768 

61,089 
102,105 
10^,1,10 

29 



895,800 
170,691 
70,588 



179,000 
106,802 
9,602 
08,768 
83, 130 
5,298 
50,966 
32,903 

15,697J 
17,206 
580,859 

200,005 
318,063 
2?,39r 
26,072 
77,662 
13, 56^' 
6,800 
17,069 
00,223 
38, 375 



. \ 

1,162,586 
^ 530,051 
99,392 



205,008 
190,112 
10,086 
66,323 
88, 13^ 
25,17C 
105,010 
01,780 

2Q,130 
21,650 
937,135 

557,'201 
320,198 
55,736 
08,300 
157,905 
33,079 
18,960 
00,020 
61,^882 
66,735 



1,625 
3,299 
162 



2,062 
709 
0 

167 

50'2 
0 

658 
1,008 

200 
808 
• 200 

109 
18 
33 
7 

32 3 

128. 

116 
50 
25 

119 



1,106,000 
517,29,0 
98,202 



201,089, 
192,026 
10,066 
65;700 
87,166 
25,050 
100,283 
00,301 

19,600 
20,697 
910,305 



509, 
309, 
55, 
07, 
156, 
32, 
18, 
43, 
61, 
65, 



086 
801 
016 
321 
010. 
885 
605 
387 
093 
325 



10,957 
13,858 y 
1,0ZB^ 



1,857 
977 ' 
2*0 

^ 016 
025 
116 
069 
031 

286 
U5 
22,630 

\ 

\,960 
10>379 
287 
976 

1,212 
66 
203 
579 
360 

1,291 
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TABLE B-7. 



FEDEP/LLY PIN^NCEC CJRRENT g£0 EXPENCITURES 1 IN UNIVERSITIES AND COLLEGES, 
BY CHARACTER CF WCRKt FIELD OF SCIENCE, FfiR^ SELECTED YEA^IS, Ti 1964-73 



(COLLARS IN THCUSA^CS) 



CHARACTER AND FI^LD 



I 

-i TLSti-. 



CHARACTER CF WORK: 



BASIC RESEARCH.. 

APPiirc Research 

CEVFLCPHENT.. .'. . 



lElC CF ^S^FNCE: 

ENCINE^RING (TOTAL) i 

PHYSICAL SCIENCESt^CTOT AL) 

(1 ) ASTRCNCMY 

(?) CHENISTRY 

(3) PHYSICS..."....' k 

' (A)*tTHER PHYSICAL SCIENCES, NEC 
ENVIR^MENTAl SCIENCES (TPTAL)... 
MATHEMATICAL SCIENCES (TOTAL).... 
( I ) MATHEMATICS (pxCLUCING 

\ CCMPUTf R SCIENCES) 

{?) CCMPUTFb SCIfNCES . 

LIPE SCIENCE^ (TOTAL) 

U ) PrClPGICAL ( INCLUDES 

AGPICULTLR/SL SCIENCES).... 

CLINICAL MtDIC/SL 

CTf-cR LIF^P SCIENCE S, NEC.i. . 

r,Y (T^Wtal) . 

CIFNC5S (TCTAL ) ; . 



(2) 

(3) 
PSYCHfL 
SOCIAL 

Cl ) ecCncmics 

(2) PfLITICAL SCITNC^ 

< (3)''Srr^i(;inGYl .4 

(^) CTHFR SOCIAL SCIFNCPS, 
CtHER SCTENCPS* NEC (TfTAL) 



NFC. 



917,322 



766,225i 
128,405 
I 22,692 



1^6,962 
187,457 






1,651 




>,410 




► ,938 




,458 


44 


U891 > 



281128 



455,|pl4 

176,^33 
256,^74 
21,i07 
27,5!,7.2 
42,147 
10,565 
3,127 
8,739 
X9,716 
5,151 



1,2611034 



1/008,805 
l'5:r7515 
58,114 



209, 2t8 
247,603 
20,123 
68,955 
146^,05,8 
12^46^ 
54,32 
34,39 



\ 



595,301 

252,371 
312,801 
^ 30^29 
34,393 
6i,914 
15,520 

4,593 . 
12,837 
28/964 
23,856 



572, 064 



1,\250,782 
>53,5r7 
167,705 



72510117 

306, J 

381,1 
36,1 
48,! 

100,811461 
17,537 
10,'4U 
26,0i5| 
46,770 ' 
44,114 



1,647,500 



1,296,126 
267,651 
83,72^ 



245,888 
257,822 
15,516 
78,942 
144,306 
19,058 
88,127 
54,338 



814,'417 

334,851 
431,656 
47,910 
47,263 
94,655 
17,688 
7,920 
26,220 
42,827 
44,990 




«^/LLV FIN^NCEr CURRENT RdO fXPENCITURES IN UNIVERSITIES AND COLLEGES, 
CHARACTER CP WORK, FIELD OF SCIENCE, FCP SELECTED, YEARS , 1964-73 



(CGLU 



APS 



IK JHCUSAKCS) 



I 

i 

I 
I 

f 

• • 917,322 

\ 
I 
I 
I 

• ...^.1 766,225 

J 128,405 

j 22,692 

I 
I 
I 

^..^ ^ * 126, 962^ 

^^^^ 187:457 

: 13,651 
\ 55,410 

*r7;; 109,938 
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TA3LE B-8. 



PED£BALLY FINARCEC CUBHENT ^R&D EX.PEN DITUBBS IN OKIvEBSITIES AND COLLEGES, 
^* .BY CHARACTER OF., WOBK, FIELD OF SCIEiiCE, AND Ty/e OF INSIITOTION: FY 1973 



(DOLLARS in THOUSAND^) 



CHARACTER AND' FIELD 



TOTAL i 

*CHABACTE& CF WOBK: 

* BASIC BESEARCH,. 
. APPLIED BESEABCH 
DEVELOFJIENS!. .:<.. 



FIELD Oi 'SCIEJiCi: • ^ . 

ENGlNibEBING (TCTALj 

.PHYSICAL SCIENCES. (TOIAL) 

,.(1) A6TB0NC HY. V J 

(2) CHEfllST'DBY < 
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:iCS .(EXCLUDING 
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PSYCHOLOGY ^(TCTAL) 

SOCIAL SCIENCES (TOTAL) 
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TABLE B-9. 



FEDEBALLY FINANCED CUBffSHT BSD BX-PEMDITOfiES IN UNIVEBSITlW AHD, COLLEGES/ 
BY CHABACTEB CP WOBK^ FIELD OF SCIENCE, AHD COHTBOi: FT 1973 



(DOLLAfiS TH00SA{fD3) 



CHARACTER AND FIELD 



TOTALu / , 
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EKVIHONKENTAL sciences (TOTALh 
aATHtftATlCAL SCipUCES (4t)TAL) . , 
^ (1) MATHEMATICS (EXCLUDING 

COMPUTER SCIENCTES) , 

(2) CCMPUTEa SCIENCES 

IfPt SCIENCES (TOTAL) ...... ^ i 

(1) BIOLOGICAL (INCLO-DES 

AGRICULTURAL SCIENCE^), 

*• (2) CLINICAL MEDICAL 

(3) ClhIR LIEE SCIENCES, NEC....U.'. 
,PSYCHCLOCY (TOTAL)*...* ..Av. 

SOCIAL SCI£^CES (TOTAL) 

(1) tCOrtOMlCS.. .". < .... / A ... . 

(2) PCL^TICAL^SCIENCE 

I (3) SCCIOLCGY . . . . . w . . 

(^4) <^CTHE'h SOCIAL SCIEWCES, NEC .... 
OTHErt SCIENCES, NEC (TCTAL) . 



TOTAL 



2», 0^4 ,358 



a60,558j 
122,668 



. 288,310 
' 280, 90a 

8^,098 
la9,282 
25,820 
^ ra9,296 
^6,.308 

' , 28,786 
27,522 
1,012,830 

483,252 
487,712 
Ul ,|866 



135,: 



781 
25*7 

ao5 
^' ai,a97 

61,6^2 
62,3aO 



?BIVATE 



TYPE V)? COHTBOt 



898^938 



702,879 
131,788 

6a,-^7i 



15a, 659 
127,27 7 
7,845 
38,297 
76,773 



13,880 
15,642 
aa2,558 

181,949 
2'a3,97a 
1^,635 
21,138 
49,062 
), 18a 
3,070 
12,727 
26,0'81 
27,437 



PUBUC 



TOTU I FBDEBAL I , STATE 



1,145,420 I 

r 

I 

758,2531 
328,7701 
58,3971 
I 

. M 
- I 
I 

133, 65ir 
133,^:271 
9,^59| 
a9,d01| 
72,5091 
!21,458|^ 
102, 

ia,W6| 
11,^ffO| 
570,2721 
I 

^01,30;? I 
2a3, 73fc| 
25,231) 
37,a51| 
8-6,7191 
15,073| 

7,335r 
28,770| 
35,5ai| 
3a, 9031 . 
L 



5,086 ' 
I 
I 
I 

1,62'5| 
3,2991 
162] 
I 
I 
I 
I 

2,0621 
7091 
\ / 01 
\ 1671 
5a 2 1 
01 
6581 
1,0081 
I 

200} 
S08J - 
2001 
I 

ia9| 
181 
33| 
71 
3231 
1281 
1161 

5aj 

251* 
^ 1191 
^ L 



\ 



,121,328 1 19, OQ^' 



I 
I 

7a6,297| • 
Il7,a39| 
V 53,59^1 
I 

I 
I 
I 

130, 177-1 
152, 1521 
^ 9,8a3| 
a9,370| 
71,5821 
21,3571 
100,9771 
25,aa7| 
I 

la, 5071 

io,9aoi 

555,8701^ 
I 

296, 1851 
23a, 708.1 
2a,977| 
36,6291 
85,8881 
ia,909| 
7, 1271 
28,5281 
35,a2«>| 
3a, 1881 
: l_ 



10,331 
8,|b32 

•6a 3 



1,al2 

766 

ie 

26a 

385 
101 
376 
331 

199^ 
132 
ia,202 

a, 96.9 
9,012 

221 
815 
508 
^ 36 
92 
188 
192 
/ 596 







tn 


-o 00 h- in 




in 


o 


00 00 »rv m 




in 


en 


^ 00 


h- 




* 


«> * * * 








<^ ^ *r 00 






cn 


in ^ 











en 


0^ *r o 


(«^ 


^ ^ (<\ O \f\ 




00 


^ (7» ^ 


o 


o 00 m 09 rw 




00 


^ h- 




«s» * ^ in 




» 


» * * 


* 


» * » • * 


* 


o 


O h- 


in 


^ 0 «M r* 


in 




m < en 


r* 


rn in h- 




in 


en ^ 


*r 







> 



o 



.4 



00 


ro 


iH 0 CM ^ ro 


00 


SO a\f^ 


so 


m m CM ^ 0 


in 


CM 


CM 


iH CM ro ,H iH ro 




ro ro 0 


00 


iH iH so 


CM 




in 


0 0 m r- m 


iH 


r> 


m 


o\ CM CM 00 « 


a\ 






















^ so CM o\ so 


CM 


so ^ 0 




iH iH 00 CM 


Oi 




CM 


m ro iH 


00 


^ 0 ro 


CM 


CM in o\ 00 


•H 


so 


ro 


CM 




ro iH 




iH 


CM 



00 

in 
o 

m 
00 

CM 



9 o h- m o ^ ^ 
gI h- m « O (>' 
v\t«\ m m (n h- 00 

<M -4 «r m 00 o o 
m (*> m ^ ^ 



oC^ o\ ^ ^ « 

CM 00 fH fH VO 00 CM 

o 00 m 00 00 o 
o 00 a^ 00 <T» m 

rO CM ^ iH 



00 
o 



iH ^ CM 


00 


00 0 0 




rv 00 iH in ro 


in 


0\ CM <n iH ro ^ 




'O'.r^ iH 0 CM 0 




ro iH ro 


00 


CM VO ro o\ 




•H VO o\ o\ in VO in 




CM ro ^ 0 ^ 0 




in iH iH 




00 in ON ^ 


CM 


CM 0 ro 0 CM ^ 


in 


iH ro ^ 0\ CM in 


00 • 


^ ^ 0 




ro m VO iH VO 


<n 


00 00 0 ^ 00 ^ o\ 




in d> iH 




^ ro 


00 


0 ^ 00 




CM CM ^ VO iH 


Z 


CM 




CM iH 




. «^ 


iH 




CM 



«ooyvo«r«r^o^ 
^•*r\>j*oooo^oo 

ln<^»^oo^^^ln^- 
r\» h- m h- h- ^ m 



^r*invi?o^o^oo^*in 

OOOOOlAQOCMvOCMro 

oininv4^CM^ino\ 

• *. > 
•in in ro ^ o\ o CO 
m (o ^ VO VO ro 



iHOor^in<nvoo\Oin 

<r>fMO\OOVOOiHrO 



00' 


VO 


v>AO ro VO iH in 




00 ^ 




^ o\ CM in 


VO 


•H CM ON 0 ON in 0 




o« 


00 


<0 00 in CM tn 0 


in 


00 o\ 


0 


ro in o> 0\ 0 




OS iH r«- 0 vo-ro r«- 


ro 


r- 


fn 


in 00 in VO 0 


in 


^ in V 




ON VO VO 0 iH 


ON 


00 ^ 00 VO ON in VO 


ro 


00 




r>* CM "VO ^ ^ 


» 


in in 


VO 


ON CM r-.oo 00 




-•^ in CM CM ^ ON 




^ 


in 


00 iH 




^ VO CM 


VO 




VO 


M CM f»> in iH 


in 




C< 






CM iH ^ 




2 ^ rs. VO VO 






CM 


CM 






















in 


CM iH <n 9> 00 CM ^ 




r4in 


0 


•H ^ VO ^ in 




in ON VO 00 0 CM 




00 




a> m VO VO iH 




00 iH ^ 




in 0 CM in 


0 


ro ^ H H ^ VO 00 


VO 


VO 


VO 


in "T* iH CM iH 


CM 


in 0 VO 




0 1-4 ^ in in 


r- 


CO H CM CM 


rH 






0 <N <N VO c»» <n * 




■H 00 m 




CM 00 0 iH CM 


ON 


ON ON CM 00 00 






0 


in iH 




^ 0 ON 


0 


ON tn r»- in in 


CM 


•H r-^ CM ^ 






CM 






CM 


ro 




iH 




CM 



I 00 ro 00 00 o o ^ 

• in 00 ^ CM ^ ^ ON 



o ^ in VO ON VO 
I ^ ^ in in t-i 



» rH VO in in r«- ON 
' r*>- ON o in CM 



rooN»poorooNVor^ in 

» CM ^ rO iH 





t 






(*> 


^ in VN 


0 


^ 00 0 ^ 


r* 


in h- m 00 


in 


*r * cn ^ 


0 


(*> ^ 0 ^ 




<^ «r 0 h- 


* 


* * * » 


» 


* 'ft * * 




0 h. ^ 


(M 


0 *r 0 r* 




*^ ^ ^ 


0 








<V 






iH rO CM 


00 


00 iH ON 0 




r*ON iH VO 


0 


VO ON in ON 


VO 


r*^ ON ^ 


, r«. 


ro CM VO <*> 










00 


•H^ VO in 


CM 


cv 0 <y^j^ 




CM iH iH CM 


00 


CM iH N 






iH 






*-wn 0 00 


iH 


VO 0 ^ iH 


CM 


CM^ iH ^ 


00 


iH 00 CM Vb 


ON 


CMCM iH 


in 


" On iH 00 VO 


ON 


ON ^ in iH 


^ 


00 in CM 




iH iH iH n 


VO 


iH 0 






iH 


rH 


VO 


^ m 00 iH 


VO 


ON VO in VO 


in 


f»- CM 00 






CM 


VOOO ^ CM 




ON VO ON )-4 


iH 


00 CM CM 




ON iH 00 




•H iH iH CM 




ro iH 00 






»-4 





in o VO 

00 rH 00 VO 



VO 


ON 


^ in 0 ro .o 


in 


ON ON 


in 


cop ON ^ ^ 
VO 0 0 ON VO 


CM 




00 


00 ^ ON ^ ON • 


VO 


in iH 00 








0 


0\ ro iH ON 00 


0 


in tn ON 




^ U% CM CM CM 
















^ « « » 




in 




VO CM CM in 00 CM 




v& ON 0 


0 


VO CM ON in 


VO 






CM 0 


in 


^ 


cn 


CM in 


ON 


CM 










CM 







o ro 00 ^ o in CM 
00 CM VO VO in iH ^ 
ON ro fsj ON VO VO 

r«- m K VO jco CO 

iH iH CM CM 



VO 




VO ^ 


00 


00 VO 


ON 


CMO 00 


in 


0 ^ 


ON 


0 VO in 


CM 










^ n 




iH 00 VO 00 


ON 











\i\ 00 in On 
^ 00 ON iH ^ 



00 CM tn CM 
CM iH VO 



VO 00 ^ o 

m m m m 

VOTM VO 

VO 00 o r> 

rH i-l ^ 



ec a 




IJL' 








»- 


< 






< 








»- 




0 






»- 


u 












z 




X 




< 


Ui 


a 








< 




z 


< 






0 


»- 


0 






*/) 


0 








Ui 
0 




> 


a 

Ui 








»- 


• 




0 




0 






Z 


iH 






3 



3 
5 



O 
Z 



3 

u 



» I/) uj 
» h- O 
► »- 2 
» UI X < 
» i/> i/> ^ 



) o. in 

: 



u < 




3 



o 

C9- 



• < 
i ^ > 
: ^ 
I o > 
> > m 
z 

e 2 z 
I Ui Ui 

: z a 



o 







: : 


< 












»- 






• • • • z 


z 


• • « • • ^ 




i/> • z • ^ 


Ui 


. • • »- N« « < 


< 


< < • m 


u 


• • 0 ^ 0 




0 z 0 • z 




• i/> i/> 3 i/> 




Z < fO 


X 


• < OJ 0 ^ X 


X 


^ X 00 


»- 


< (/> Z <^ of »- 


>- 


^ 0 CJ «/> 


0: 


X Z Z to (S 


3 


-J z ^ i » 




U < •-• ^ Ui U 




^ x. a jt 


Z 


^ ^ X X. Z 2 






f~ 








(/» 








Ui 
















• 




• • • ^ 




• • • • 




• 


• • • 








• 


• • • 










• • • 










• t • 








• 


• • • 








i 


• • • 










• • • 






< 


• 




< 






• 


• W • 






»- 


• 


• a • 


»- 




z 


• 


• a Ui 


z 


• < • • 


Ui 


• 


>. N« Ui 


Ui 


z < • 


u 


< 


^ i/> 1/) 


u 


< < X • 






U? I/) I/) 




m 1^ 0 • 


X 


< 


3 i-Sij 




Z X 


>- 


(D m ZV, 




< < < 


3 


< z «/> Z 


-5 


^ 3 -J X 


u 


^ Ui^ Ui 


(J 


a 0 ^ Ui 




< ^ X 1- 


1/) 


< -1 u t- 



tn 
Ui 



Mi 



ERIC 



72 



33 



in 

ON ^ 

r 



o 
m 



CO 



(N 
00 



^ ^ o 
•r ^ 

f*. ^ 

* » » 

o CM 



*o ON 

O 

^* * > 
^ «r o 
O 





• 








>^ ^ O (O 




O O f** 


O 


O 00 tf\ 00 f^J 




03 f*» 




^ ^ ^ ^> 


0^ 






* » » » » 






JO 


«4 o rg ^* fx- 




rsi ^ 




tf\ ^ 0* 




fn fn lo 


•r 








vo 


lA lA (N ^ O 






00 


<H <H VO (N 


(N 


^ 2 Lj 


m 


ON CNf (N 00 


On 










<k « 




^ ^ to fvj 


ON . 


O 00 o> 


(N 


(N m e> 00 


•H 


(N ^ 






(N 





^ CI 


00 


00 o o 




00 r-i in 




in 


(N O 






' CO 


Oi \o sD 


ON 




^ O 




in «H «H 




ON CD in ON 




(N 
















(N in 


00 


ir V o 




in vo <H 










V 


00 


O V 00 




QN 

















ON in 



ON (N ^ 
<H ID ON ON in in 
(N o n o <N ^ 



^ ooorMO>r<>r^o^ 
00 r^^fMooooo^oo 
* »»»»»»»»» 



^r«-in\oONONoo^in 
oooooinoorvivooir' 
Oininvo^fvi^ inoN 

inmino^r^TTON ooo 
a \D ^ \D \D 



•HCOf^inr^vDONOin 
ON<NONOOvDO.Hro 

r^-oor^inoocNOO^ro 

^^in^cNONOOinoo 
CN iTJ ^ in in (N 



1 



O tfN tfN 


o 


^ 00 o ^ 




lO r>- lo 00 




<f >0 (f\ ^ 




m ^ o •f 




M O 


o 


» » » » 


» 


» » » » 


» 


O ^- ^ 


rsi 


O O 




rsi ^ ^ en 


o 


^ (*> <M (*> 






M 











00 


00 iH 


ON 


O 


.H 




r* ON ^ 


O 


VO ON 


in 


ON 


O' 




^ ON "(T 




m <N 


vo 




*H 




* o » * 












00 


in 




ON ON 


ON 


^ 






<N .H .H <N 






«H 




VO 






r 






.H 


.Hv 
















.H in o 00 


in 


VO O ^ 


.H 


in, 




<N ^ .H ^ 


00 


•H 00 


<N 


VO 


00 


ON 


<N <N .H 


m 


ON .H 


00 


VO 


00 
















ON 


ON ^ in «H 




CD in 




<N 


^ 




<H #H iH 








o 

.H 


r-4 



OfHoOOOOOOOO 



(Nooovooi/^in^o 
•Hoooinoor'^Hvo 

ON^Or'O.HOVO 

roON00vovo«H<Nin 
<N in <N 



rOf>.roroONVo<N<N 
f>. vo^'in/n^^(N 
r»<Nininin*co<H<N 

vo«HvoooinoNovo 
<H in H n 



o 
o 



O O 9 00 O 

o o m ^ ^ 
m ^ 00 «\ 
» » » L » 
o o o *r ^ 
^ CO m o 



(N 
00 





00 ^ f>» 00 in 


in 




N in ri <oo 




00 


in VO in n 00* 










o 


in in ^ (N* (N 


O 


VO 


*-( (N rs VO 


















(N _ ^ VO «H 




«N 


ON f>. CN 




O 


•H r«» o VO ^ 


O 



ON -^T 00 o r> 



r-( in 
m o 
o 



CO n 



00 ^ 




^ ON <N in 


VO 


<H <N ON 


00 ON f>. 


c:> 


in ON ON o 




a: iH rv 


^ in -"c 




ON VO VT) O rH, 


ON 


o ^ ca 












in in 


VO 


ON (N 00 CO 




^ in (N 1 


V VO <N 


VO 


O ^ VO VO 


VO 


(N (N n 


fNI iH 












<H 00 
^ O ON 



o 


iH «r VO «r in 


m 


in ON VO 




3 (N f*^ 






in o CM in r> 


o 


f*^ 


Si 


r VO 00 


VO 




o «H ^ in in 




00 










(N 00 C> <H (N 


ON 


ON f^" ON 


(N C 


[f*^ 00 • 


O 


o 


ON Ct* lA 




•H CN 






o 




< 













^(N 00 m 00 00*0 O ^ 

in eo <N ^ ^ ON 

ON.H ON rVii^n VO 00 rH ON 

'^^cNf^o^invooNvo 
CN ^ ^ in in .H 



.Hr-r^.Hvoininr^ON 
vovoor-ON or-iA(N 

•Hr- O ^ 00 o 00 VO 



r^ON VO 00 n ON VO in 
•H m n ^ n iH 



VO 


00 .H 


VO 


ON VO in 


NO, 


VO 


in 


<N CO 




•H CO iH 


in 






VO CO ^ <N 


VO 


ON VO ON 








^ o o 












cor(N <N 




ON .H 00 














CO 


o 














00 


in o VO 


in 


CO in 


ON 






CO tH CO VO 




CO ON .H 






00 


n ON in ON 


P 


^ ^ 


VO 


<N 


in 


n O ON .H 




CO <N rn». <N 




in 




o 




VO 


ON 






<H 









<N,HinAO^^lO00 

^ONONOON^oor^ 

f>'<N0Nr>'^O<N«H 



'ft ' 



» ^ 00 On On in 00 
» ON CN ^ in <H 
<*^f^f^inr'Oin^ 

^vo^in^vovo^ 



00 On f>. On 
00 in ^ <N in 

\0 ON O (N O 

00 in CN in (N 



H ON in ON ^ ^ 

1/^ O <N ^jO% O 

00 <H ON VO (N ON 

in 00 00 o o 

VO ON <N ro 




00 O ON ^ ^ 
VO O ON VO 
V in <N (N (N 

VO <N ON in 
n in 





3^ 


• • • 


• • 




• • 




>* • 




• • 








• • 




• • 




• • 








• • 


> : : 


• • 


• •» • 










• »/> 




• z 


z < ^ 


• o 


^ ^ 2. 


o u 


-J o u 


M (/> 


-J 2 ^ 







o f*^ 00 ^ o in {N 

00 (N VO VO in iH ^ 
f>- ON (N ON VO VO 

r- <n r«. VO f*^ f*^ 

«H (N CVJ 



X 




(N 



^ ON n 


ON 


VO O 


n VO 




VO ^ 


CO 


•HON 00 


o 


M 00 


00 VO 


ON 


<N o CO 


in 


ONr. 'o Q 


o 


.H VO 


o ^ 


ON 


or^ VO in 


<N 
















(N(n V- 00 


VO 








•H CO VO CO 


ON 


•H (N .H 








5 


.H .H 





<< UJ O ^ X X 



• X 



• u. 

• o 



QC U < 

o 



< »/> 2 »/> _ . 
QC XZ2(/)(DaC3, , 

' i 

UJ 



3l ^ -J *rt O 



o o u. 



o 
< z 

o _ 
tc > 

O t£ 
UJ < 
\9 I. 



-I X X ^ 



o u 

Z i/> 



QC to 



* 4C z 



o o 



u 

X 



> a 

* ex. UJ 

• > ^ UJ 

< iC */) */) 
X O </> i/> 

< 3 ^ ui 

a> »- i/> z 

< 2 t/> Z 



VO 00 ^ o 
n in n 

VO <N VO 

VO 00 O O 
.H iH 



ON 



•Hoor'Oor'ro.Hj/) 

00VO^00OO«H00 
00(Na>f>'VOVO<HO 

ONC^ro<ncN^.Hro 



in «H o VO .H 











• • • • 


< 








• • • • 










• • « • 


»- 








. o • • 


z 


• < • • 






• u • • 




</) z < • 




• o • • 


• M • • 




< < x% • 




< o • < 


• X • o 




t/) M o • 




z < • z 


< UJ • Z 


X 


Z */) X *^ 




O O < 


ox • <^ 




< ^ < < 




^4 O X »- 


< Z X 




>C 3 ^ X 


z 


•-I -1 < z 


> 2 < O 


u 


ac O >c lu 




ac o u u 


UJ UJ »- ^ 


*/) 


< ^ u »- 


< 


< o ^ a. 


z^2;5^ 


»- 




z 






</) 










UJ 




o 










X 







.O «H ^ «H 
IN 00 00 ro, 

^ ^ in ^ 



00 

in 



u 
u. 

< 



t 

< _ 
o 
»- 

- o 

< u •-• z 

^ i-^ O M 

< -J S Ul <o 
-J ^< Qt < 



ERIC 



73 



tA 
« 

a 
H 

M 

a 



O OS 




5 



















(/) 








w 








OS 


^ a 


















^ 












Q 








X 








M 


S 


00 






O {J 




in 


M 


M OS 






















Q 






IP 






«* 




* n 


< B3 
























(J 


m 




X 

2 


^ X 














x\ 


(/) U) 




in 


ill 


«< </) 




2* 




CQ U 














>4 




















00 


r>- 


< 






in 










u 








1 3 
















1 1^ 
























1 






in 






S 




1 


»J X 








u) W 








► x: 
















a o ' 







O 



o 

9 



\0 */> G 

3J sD St 9 

^ CO 9 'T- 



00 in 00 r> 9 

f*! fN O N 9 »- 

^ r>> fN fN m r>> 
k » » » » k k 
00 *- *- fN »- 



0^ in <0 CN (N 

cN »n CO fN 9 in 
in 30 r* ^ ^ 



•'^ 0^ ^ ^ 
*- CN fN 9 *n o 

^ 9 9 O 30 

:o 9 »- r* 9 

»- »- 



\^ <o »^ 

^ ^ 00 QD »- 
rn 1^ ^ ^ (N 



' CN <0 <7^ f*! ^ 

in *- r>> o 9 r>> 

n in 30 <0 "N 

» » ^ » » » » 

•>» r<n r4 30 CN 'n 



^ CN <0 fN O fN 
^ ^ O O ^ 
0^ 00 9 00 

o ''N in ^ 9 rn 



<o 30 r>> in in CN 
oo 30 in 

•rv <0 0^ 00^ ^ 'N 





in 


C^ 




00 n 


00 


in 


^ r* iO 








* 




















in 


9 >o *n 


o 




r« C7> 




CO 


30 




* 


* * * 










in 






in 


O 9 »- 






9 O 00 






f*! \0 9 






* * * 


* 










'N o 












c^ <o r>> 


o 




rn O 






»• in »- 


o 








30 


o in n 






rn 9 a« 










vO 


ao o 00 


in 


<^ 


00 in 





r> 30 ^ 
» » k 
r- ov rst 



C7> :y 

O lTI \0 

» k » 

rrjo C7> 
^ in *- 



00 c^ r» oj n 

30 <^ sO O 

o <o in 



<o r» <T> ro 

r>S <7^ <7^ 
« » » » » 

tn CO if \0 9 



00 3D r- r> r* 

in 9 oo' 
00 in *• iP 
« « » » « 

in*r>> fN 00 9 
r>> fN in 9 



fN 9 r>> o 

\0 *^ CO r* 
« « * » k 

,CN O *- 9 *- « 

^ 9 r*« in in 



in r« 00 

(N <0 00 O 00 

00 r» 



r» 00 fN c 
^ fN o in f 

n 00 ( 



•••00 O fN fN 
9 <7^ rn rn r^- 

in o c^ 
* « * * * 

o r> 30 so 

'N •- fN fN 







r 








»J 










«« 


j 








H 








M 


O 


•I 






H 


t-» 








< 






• • H aft o • 




H 






H • H M X • 




V) 




* 


a • ca 3 < • 


u 








(J • t/) t/) »j • 


M 


u 






M • S Q< t/) 




X 


< 




H • X C M H 


X 




H 


o 


u • u ^ ^ 






U) 


X 


M M < 3 i4 O 


»J 


X 






X X t/) OB 




o 


o 




Z M t/) a o (S 




M ^ 


C4 




O ^ 4 -M X M 






H 


X 


U s srx a 


M 


M 


M 


M 




»J 


> 


X 






Q 




3 


X 




Q 






(4 
X 




H 



> >4 t/) 



H 
X 
M 

u 

3 
H 

OS 
O 



H 

t/) 



t/) • 

M < 

O X 

»J X 



o 

ao o U 

U M C/) 
M 3 

« O ai 

















CN 




in vo CN 9 


00 o 


in 




9 o tn 9 




C^ 




r>> CN 9 


in CN 


o 




.V « « « 


« « « 




CN 


r- r» 9 <n 


r- 


30 


















St 


f*! r>> 9 in 


•- »- m 




in 


'9 »- m ^ 


<0 CN 






r>> CN in 


fN o in 






» » » » 


» » » 






00 *• <o <o 


9 •- •- 




00 






in 












r>> o in r>> 


•- o 


in 




o in o'* 9 


9 


00 




9 o *n c» 


9 in o 






« « « « 


« « « 




vO 


o o 


r^- rvj rn 


in 


CN 


"N rvj rn :y 












CN 


in 




. 4 

00 N o 






<o 00 r>> 9 00 <o 






00 9 ^ r>> 


CN 30 














CN CN if 







0** 


O •- GO 


in 


30 in 


in 




r>. /n 


in 


f*! f*! 


» fN 




r* m 




t/> fN so r>- »- 


o 


* • 


« » * 










in o 




30 00 C^ r>.^ 


30 


CN 


^ 




o 9 cb 


n 




CN »- 




















3* 9 O 




9 to in 


CN 


00 


• 9 o> 9 


o 


oo>in 00 'N 




CO 


»- 0^ 




CN iTi 






« » % 




» ^ » » » 




o 


O r>. rN 


in 


o /N r- r» 


in 


in 


in 9 




in *• ^ 






9 







O^/f^ 00 00 f*! 
00\0 CN O CO O f*! 

r>> CN « 9 

^ » » » » k k 

00 9^ 9 'N CN 
rsj rsj iTl r- 



1 lA 00 ' 

1 rn in \l> *r 



H 
X 

u 



H 
M 



• O O 



O M 

M a 

M O 

X vt 

X C/) 



X X X C/) CO 
O 4 M H fed 
H S ^ 



3 3 
H H 
CM a 

o o 



or>«inpnfNj«9<0'n 
9pn^ooor^c^ln9 
••9**r>>'0*-*-r>>cN 



,0 CN 00 •- f^lT^ 00 

lnc^i^'Oo••<Olnln 

'*1C^lncNO<099'*1 

o 00 »• i/v •• 



o<or^in<oo**in9 
••cNOocr^r^ <ocN® 

O'n00CNCNC^CN•-CN 

'ncN,c^ocN9p^ln'n 

CN m 9 f- 



OlnO•-C^C^^^19^n 

o>nor>>inincNPnio o 
inr^<o**c^r^c^'*^oo m 



m \f> OS rn cNr>in9^ 
00*^00 in ••cNinin 
in <o <o ••s«T OS 



in ^oO'OCN OS CO u> OS 

9 C7> fN rn ® O 00 O O O* 



'N fN sO 



^ CT> r* ' <o 00 <o ^ 

00 sO 00 r* CN CN fN f>» 

41 r^- CN vo in <o <o r<» r^, 

* **** » 

\o 9 9 CO mnroCN cn' 

^00 <o 



^ in »»«oo » 00 

4n r^- o 00 C7> fN |0 

*ri O 0\ O O fN rn f>j 

■^^r^-r^-ininrn 



Cs ^ O 00 

ooro >0 9 

^ fN O 00 
k ' k « k % 

^ O* OS OS 
<0 *- CN 



0^ C^ O CN 

r* G sO 
* * * * 



00 00 00 

^ f^i in 

<0 C^ 00 

« « « « % 

r>. 9 tf CO OS 



^^t OS rn 

CN 00 l/V 



9 >0 CN 
*- GO 



in 

30 
fN 
fN 



30or>»ino»*»- >o 

oo»-r^in-»ooo* to* 
in'^inin'^r^oo to 



o 



G OS ifi OS 9 so o 
pnpnoo*00'*icNCNin 



« % « « « « 

9 9 ^ CN in 



fN.*- 00 C* 9 00 r^- CN 
CNKinCN9009CN 

c^oo^cNinr^-^-rno 
oor^oo»*<09»*cN 

f CN T* 



000*90inosOS{7\CN 

or^-vftoooor^cN^ 
<oin'Ninpnoo9rsj,o 

9v00sO<0^<0CN9 
9 CN 9 lO CN 



oc^in'Nfnr^'nrn^ m r>><oinin 

<^ 00 CN o <r 9 ^ or*- r«- in in co 

r^^fNsOisajr-oo o rn o ^ 

« « » « « « k 

in f> 



<o r^ 00 in 
o r>> <o 00 
rn \o in 



kn 9 CN go 
^ in CN to 

fN O to fN 



9 


o o n 


C* 


9 r* o 00 




to 


go r>> O 




00 in 9 




in 


fH fH OS 


fN 


r>. r>- so o 






« « « « 




« « % » 


« 


0^ 


O (7> O 




sO ^ 'N 


in 




' »- fN 


in 


fN O 


o 










>- 



in ON o o c* 
fN in r* 



\o 

<M ^ •« m 



o 
in 

o 



CO o 
9 <o 

-N 9 o r«» 



• O 



• • X X J 4 w4 

• • M M % K < 

• • »J »J • x< at 

• • O O • M H 

• • OJ 00 • « X 

• Q < < ^ « U 

- 4 X U U M M M 
— — ^QM^ X^ 

^ »0IMO,»JI3Jm 3 

H i-ic/tOOtoaaaaat/) o 

QO*«U«XU)^Si 



• o 



OS L> < 



O 
I/) 



« H 



(/) X 
(/) X 
M OC 



H 
D 
O 

tn 



H 



H 
X 
M 

u 

' 3 
H 
S 

o 
(/) 

H 



22g 

W M p 

X (/) to 



^ s 

01 O 

4 >J 



U M 

O H 



O 



ERIC 



74 



34 



i 



in <o 
9N «o 



^ 9 <0 tO 

• ^ * * * 



9" 00 <N 
CO 30 ^ >0 O ^ 
O ^ *n *• 

«•» * 4^ % » 

. *- 9 m <M 



<o *- 

^>*'^ }0 ^ 

<o 9^ «* 
* * * • * 

00 9 vO 9 









n4 


o • 




• • 4 


<< 






• • M 


oi 


^ • 


U 




H 




M 


•a • < 


X 


<n • 


H 


CO > 


M 


H H 




«s a inJ 


U 






•a o >^ 








^7 CO 


a 


Q S3 


H 


m 


H 


O 01 


i< 


a at X 


OK 






M M M 


O 


M ^ 


M 


at X a« 






■O' 




H 




o 


1 






H 






K 







V) > a 

M 4 < • w 

O X O • X 

3» ^ H4 • O 

M M :* O U 

inJ O ti M V) 

n4 m Mf a M 

M M « O :F 



<»74 

ERIC 





r» ^ 00 r* <N r* 






rM o kTi r* 


9 




a> <N 


9 






* 






<N 




in vo <N 9 ao o 


in 




9 O in 9 9 o 






r» <N 9 in <N 


o 


* 








9 


3J 






in 



in 


O 9 




00 » r* r* 


9 




9 O CO 


9 


in 9 00 


in 




<0 9 




00 <o in in 




* 


* * * 




« « » « * 


* 








in ^ 00 9 


ON 




o 




PM in ^ 9 


00 






'N 








T 

ON >o r» 


O 


fN 9 o 






^ o 


9 


<o ■N 9 


>o 


00 » 


in 


O 


sO sO r- CO 














»' 


o *n 




<N O 9* 


>o 


>o 


'n 9 C7N 




ON 9 r* m in 


'N 


r> 




'n 




•« 


•c 


- » O 00 


in 


<o in 00 


in 


ON 


00 ^ *n 


r> 


rM ^ 00 O 00 




in 


P> » 


o - 


<*> 00 


.o 








« « « « 




9 


ON 04 


ON 


in 














ao 


9 




f 

00 O <N 




o 


ON r> 9 




9 ON m r> 






o «n <o 


>o 


in o r> ON 






« » « 




» » « « » 




ON 


tO ON 


9 


o T> so 


vO 


00 


in 


ON 


'N <>• 


sO 



O <N 


ON 


O CO 


in 


so <o ^ in 


in 


O '^l 




fs. m 


in 


^ ^ ^ <o 


rM 


9 00 


ON 


<N 




in <N <o 


o 


1 » » 




« » « 




» * » » » 




9 




in o 




30 00 ON r> r> 


30 






m 9 


vO 


' o r> 9 00 






9 










in <N 


'n 


0» 9 O 




9 O in 


rsi 


AO 


00* 


9 ON 9 


o 


<o 9 in a> 'N 




ON 'N 


30 


^ ON 




<N sO 9 in 


*ON 






» » V 










O 


o <^ 


in 


sO rsi 


in 






%n ST 


r> 


**» in r> ON 






in 


«1 


9 







r> 9 in 

9 9 "O <^ 

<N in 'N o in 
******* 

30 vO vO 9 



O in r* r* o 
o in ON 9 9 
9 O ff* 9 in o 

O O 1- r* <N ♦ 

fN <H 9 



'O <N ^ 9 30 <N O 
>0 00 9 CD <o 
00 9 r> 'N 30 



ON in ^ CO 

in r^^oo ^ <N 

m d> ON 

9 r> in in 



^ ^ ^ CO ^ 00 ^ 
00 «0 <N O 3> 

rsi 0) OS 9 ,0 

•«* ****** 

.® 9 9 fN (N 



or»in'n<N\09*o'^ 
9f>n»*O3Dr*0Nin9 
^•9»*r»<o**»*r*<N 



© <N CO r-'/n r* 0? 
inoNON<oo«*toin(/^ 

'^0Nin<NO<099'*^ 

r»oN'*)oao«*in^ 



O'or*in<oo»-/in9 
'•<Ncoor^r^<ofNco 

O'^fl0<N<N0NfN»-(N 

i^rs|ONO<N9rnin'^ 
<N rn 9 



OinO**ONON'N9tA 

Oinor^inincNrnoo 
inr^'0»*^r^ON^oo 

'*^<^»-99>09»-9 

<N 9 'N in in pvi 



o^'^inoN9'Or^o 

'n'noONOO'*l<N<Nin 

'NOinr^ON'^in9'n 
* « » * * » 

9 9 <N in 



(M«*oor^ON9oor^(N 

<Nr-in<N9009(N 

ON309<Ninr^»-rno 



000N9Oin0N0N0N'N 
Op*'OoOOOr^<N9 

>Oin<Nin'^oo 9'S'O 

9<0^0<or^<0(N9 
*- 9 <N 9 in <N 



in o 
in 



O (N 



M 
U 



H 

a: 
o 



(0 

•a 



/ 



O ctn in nn r> c 

sO CO CM O 9 9 < 

9 Of ^ s s « 

in ON ^ o o ON « 
fN r> «n r> r» « 



I m 9 
O " 

o o 



H M ^ 

O a 

V) V) a V) 
M o 

< M X V) m 

at -x X (o « 

O ^ M M M 

M lie s s X 



» 3^ X ' 

» o o 



r»» tn ^ 




<N (*• in ON 


in 


O O ® 


in 


<N in in 




in <o ^ 


<o 


•* 9 ON 


ON 


» 


» 






*• 






*• 








•» 


ON 00 <0 (N 


ON 


00 in ^ 




0» N 00 


o 


9 o o o 




9 50 "O 


o 


<o 




* » » * 








(W <N 00 


<N 


'N oT'O 


CO 










r* ON ON r* 


:^ 


"O '30 <0 




CO <o 00 




<^ fN ON 




^ "O <N 


<o 


in <o ^ 












<0 9 9 00 




<^ r* 






00 






ON 9 O CO 


1^ 


in vo 0^ 




CO O vO 9 


CO 


'N 50 




<N O » 


<N 


CO <N «- O 


50 


* * * * 








ON ON ^ <0 


9 


^ <0 <N 








•* 00 


<N 












<o 


<o r> 00 in 


9 


C« <0 U (N 




o r> <o CO 




o <o ^ 


ON 


^3 




* « » 








rn 


<o 


*• 9 


<o 


















CO 00 


in 


9 *N Od 


sO 


^ in 


ON 


in 00 




ON ^ in 00 


(N 


•* o ao <N 




1 * » » » 








9 9 S ON 


9 








9 




in 


O O ^ 


ON 


9*r>"o 00 




CO o 




30 in 9 




(N <N ON 


(N 


r> -o o 




* » « « « 








O ON ON p 




>D^t^"N 9 


in 




in 


(N r- O 


o 










1 r* <o in in 


o 


A CO o 




in in CD 


in 


9 sO ^ 


9 


m O 9 


9 


"9 o 


O 


» * » « 








<0 On 








(M ^ m 


O 


^ <N 






*N 










. • •. t • 






















? 







O O 

ago 

H H 

at a 

O O 

X (0 



3- 



S 
H 

o 



OS U < < X U ( 

^ M O M ^ 

X Q> H O »4 X : 

^ H a a >• H I 

^ vi o o aa m : 

M M M ^ O ( 

o o ik« o n X I 



* 64 

* a* aq 

I » M M 
^ ^ CO M 

n u CO CO 

D H M 

Ol H CO X 

^ X CO X 

in4 M M M 

^ n H 



m 



vor^r^fN'noNor^ 
*-* <o in 9 ON 



*- ^ <N r 



<Nr^<NOOin9<N 

'N99ONininc0'O 
JNOO'ono^'^ 
« « « » « » 

O ^ 00 



ininr^osoooinoD 
'*i'n9inr^ON'^ON 
99<N<oinooNrn 

o »~ <N V 00 r> -n 



u # ^ 4 n 

CO M O 

X X to a CO 

H • i< M «< ^ 

D ^ J3 iN4 M 

O a O M 

CO <4 in4 O H 



\ 



34 



O 9 <N 

<o in <o 
9 in o 



^3 ^3 CD 

"O ON 9 'N 
CO in <o ^ <o 
» » V » » 

, CO ^ in <o in 



«- nO <o in 
in in <o in 
^ ^ "O o o <o 
» » » % « « 

fN -N ON r> in 

ON <N *- rn 



x*-3pinoxfH.** <Nr><or>*- 
co**oo'^in**9in ^ — — 



ino'n'^^9r>9 
^ in *N 



ON**9**r>>oin»* 

Jh«9*-0*-<NvOO 
r>9ON<N*-V>'O00 
» » * » » » , 

(N rn n< m 



r> 9<N<or>in9*- 
Mr>«o<Noo>i)^r> 
oo*n<oin^'N'*>9 

<0 9 <N <N <N « *- JN*^ 



*rvf>i*-r<»inoin <o 

Xin'N9,<N<NO 
r>ON**ON00909 

Oin'^in^NO'^'^ 



•-vf^ 9 ON 9 00 

'NONrMin9*-Or^ 
mONr«s09'NO\0 

<k ft s « « « « « 

CO CO ^ 00 ^ ^ 



00 9 O 

r> <o 9 <N 
• o (N in 



XD ON ON 
O 9 N 

<N 9 <N 



»— in ON o <o ON 

r> ON r> X 9 on 

r- o vo r> <n fN o 

« « « « « « « 

9 ON SJ 



in *- ON r ► 

<o <^ in i ' 

9 O ON ON c > 

* « » » W 

in <o >o 
r. fN j» 



O vO ON X <0 I 

<o o in *o I 
«n ON X r> in 

<o o <o 9 *>r 



X << 

o « o o« 
t4 O X H << as 

H<n4'<X^X<40 

aOQOiaMH»-i 

^ U M B X X 




75 



I 

/ 



irv irv 



m c^ «o <^ 
-<.rg ^ fn o 
^ ^ m o «3 



eg 


^ ^ r» 


o 


^ o r*- 


r*- 


r» o irv r- r> 


o 










m ^ o 




»0 rg »e fn r*- 




O tf^ ^ ^ ^ 




9 




o 


00 


»fV 


o 


^ <0 *>« o r» 


r*- 


1^ o m 0* trv 


o 


9 






OP 


o »rv m 




rg o ^ ^ ^ 


«0 


o o ^ r- rg 


fn 


tfN 








m ^ ^ 




^ ^ r*. »fnfk 


M 


*csj rg m 




fn 


(Nj ^ (Nj irv rg 




tf\ 




fn 




m>4 






rg 







^ ^ o op 

CO o <0 <^ 
^ eg o «3 





irv lO (^ 




03 


rg ^ «3 irv 




rg 


00 (M ^ o 


OP 




O Oi 


» 

eg 


mm 


^ fH ^ O 


rg 









o 



eg 
o 
rg 



« ^ r«- ^ ^ 
m ^ ^ 
rg 



(7« ^ 



3 



§7 

UJ «^ 



»- a: 
z < 



3 o 
o u 

UJ UJ 

o -I 

Z UJ < 
< t/> t/> 
Z J 

QC O 

u. u « X 



rg 
0* 



so 




00 iH ^ » V 00 


CM 


VD 00 00 




00 VI> iH in 


in 


M O O CM iH iH 00 




r^cMinocMonr^oo 


00 




.iH 


V O iH so 


so 




iH 


V iH 00 V CM av 


O 


00 iH av 


00 


in 00 O' 


r> 


ir. in r» r» CM 




r^oincMovinoooo^ 




•H 00 iH CM 


CN 


o\ iH 






o\ 


n CM a> a> 


CTV 


CM 00 


in 


•H o in <j\ 00 


in 


^ in -ot iH iH ip^ 




^iHVDiHOOOavOOCMn 






00 


00 so o\ 


in 


»* 




00 r> o so O 


CM 


00 


00 


r> in r* a» CM 




r» 00 vo r» CM 


OV 


rOiHr^roiKVDvOOvD 


CM 


^ 00 o 


in 


V 01 o 


in 




in 


r> o\ iH 




CM iH 00 




00 V ^ 


CM 


iH iH CM ^ 


o 


CM rO CM •'T V iH 


in 


rH ^ CM 


o 


, .H fH r** 


iH 


o 


CM 


iH ' 




CM 


CM 




iH 




CM 








iH 







mm <t ^ 



00 f** OS <^ o\ ^ 




M CM 00 




o in 00 o iH 


so 


vo 00 CM in av 




vav^iHvrOiHCMn' 




r«- so CM a> CT\ so 




iH 00 V 


CM 


in iH rH r» 


in 


so in V 00 CM n V 




iHCM/oro^ororrfcM 




in in 00 V so 00 




n in in 


00 


CM n O <n 00 


00 


•H O 00 so so 00 so 


iH 


ovv^sorMovsooooo 


so 


a> rH n 00 n 


ro 


iH CM a\ 


in 


in o ov 


00 


00 r«S SO iH r> 


O 


cMoooincMCM^r^in 


in 




CM 


O 00 


so 


r- n vo in ro 




iH iH CM V 




• CM CM CM V ^ iH 


in 






CM 


CM 




iH 




iH 







in sp V o> 

00 OW iH 
n C7> iH iH 



Gr\ 00 CM 

O V V V 

so CM 00 









rH 


in o n o so 


in 


in CM CO 


00 


CM SO ov in SO 




SO OV iH iH C7V CM SO 


00 


nooinniHr^iSsov 


a> 


. so n <n 


SO 


in CM in V 


so 








ON 


0\ 00 fS CM CM V 


00 


n C7V in 




so iH n so in 


o 


o n vo o o iH 




o in V V r-»»<n n n 




00 in CM m 




CM o 






9 






o n 00 a> CM 


o 


iH CM so 


00 


r«- V V V 


o 


CM so »-< 00 in 


o 


CMiHV00SOf>C0iHO 


o 


o ov CM 


o 


V qo V <n 


SO 




0* 


CM 




o rH rH in o-r-) 


^ 


^ CM 


iH 


n n iH r» m 




in so so in iH m 


00 


CMooooocMCMnnvo 




CM 00 so o\ 


m 


cn o> CM 


so 






r- 


CM 


n rH 


CM 


n o 00 


SO 


00 n vo ^ n 


o 


iH iH CM n 




iH CM CM ^ ^ iH 






o> 


iH iH lf> 




O 




in 


CM 


rH 




CM 


<• CM 




iH 










' J 









«7» 







CM r- 00 CM 


a> so 


o 








n CM 00 00 


-^1 


o o in r- in a\ in 




r^CMCMVVVCMCMr* 


o> 


sotn o 00 


CM 


rvrv 00 00 


n 


O 


so O rH rH 


in ^ 


ov 




in ov 




CM in ov in iH 




n C4 00 »-» so iH o 


a> 


vnor^iHv^cMiH 




00 ^ n n 




o o V. 


o 




in rH in n 


o 


in 


o 


O V 


so 


^ CTV 00 V CTV 


A 


iH in CTs in n V ^ 


T 


OO^SOOiHOOSOi-tOO 


in 


CM iH so in 




00 so CM r% 


iH 


fM 


in rH so so 


o ^ 




o 


CM CM 


yd 


CM OV ^ CM 


00 


o iH n V iH r<T 




•HsoovDinr^nr^M 




00 in so 




V ^ 00 


SO 


00 


CM n 




so 


CM 


SO r" 


CM 


r* CM in n 




rH iH CM CM 


n 






•H 






CM 


rH 


rH 




CM 






CM 








iH 


iH CM iH 











sr. 




CM 


o 


00 r- n V CM SO 


00 


CM o> 




in 


so in m in 




o o V 00 o 


<P 


so 


iH in iH CM o> o n 


iH 




00 00 ^ 


00 


00 iH OAO* 






CM 


o 


in o V n o iA-*» 




n 00 ON 




so 


O O CM n 




CM in a\ ** fft 00 in 


O 


so 


V r» iH iH so V 


CM 




so n in so 


<n 


in 00 o a> 






m 


so 


CM in V V CM 


tn 


V CM r- 




CM 


n in o CM 


00 ' 


CM in o a\ a\ 00 iH 


CM 


in 


CM r» a> iH «o CM 


o> 




00 00 O 9^ 


00 


<n so so 


O 
u 






00 


iH rH rH V r- CM 


00 


r^O ^ 


CM 


OV 


ovrM a\ CM 




iH ^ CM iH CM 


a> 


iH 


rH in a\ 00 00 CM o> 


iH 


00 


so V CM 


ov 


iH so 00 




mm 






CM 00 


c\ 


CM CM in 




in 


■H ^ CM CM 


in 


rH rH iH 






iH iH CM iH 




CM 






iH CM 






o\ 


iH 




rH 


iH 
















t 













O 
'Z 



z 
u 



> 



3 



o 
z 



» t/> UJ 

► I- Of o 
• K 2 

► UJ X < 

► t/> t/> J 

► o a t/> 

X X ^ I- 

_ ► U-< z 

UJ UJ < X UJ O 

z z t/> o a. 

Z ^ t/> X C3 O. 
O < < UJ X tu 
O X X Z '> 



z 



o 
u 



QC QC «4 
UJ O >• 
"> > t/> 

UJ UJ UJ 



• • • • • 





• • • • • 












• • • • • 






• • • • • 






• • • • • 












• • • • • 






• • • • • 












• • • • • 












• • • • • 












• • • • • 








< 




• • • < < 












• ••»-»- 




»- 


• • • • • 






• • • o o 




r 


• • • • z 


z 




< • • ^ ^ 


o 


UJ 


t/> • z • 


UJ 




»- < < < 




o 


< < • (/) 


o 




O a ^ u o 


»- 




o z o • z 






i/> 3 i/> 


z 


X 


Z^< • o 


X 


• < 


lu O < X X 


< 


1- 


^ X o O 




< t/> 


Z i/i er t~ f 




QC 


-J o o ^ */> 




X z 


Z t/> £Q a D 




U 


-J^ ^ X ^ 


u 




UJ LJ LJ 


5 


z 


•XI *M X U JB 


z 




X X Z ^ M 


X 


»- 










»- 


















UJ 






o 


ILI 




X 









Z Z • < -J 



.J ^ • z 
> o o • ^ 
» a a AO 
> o < < < 

) < < z o Q ^ 

• O ^ < Z >' 

: o -I X X 
- a a > »- »- o 

•i^uj<OU^uj 
) u. o X z «o > 2 







• • • 










• 


• • • 












• • • 












• • • 






















• 






















< 


• 


• • • 








a 




• mm • 


or 






»- 


• 


• a • 


»- 






z 




• a UJ 


z 






UJ 


« 


> « UJ 


UJ 


i/> z < • 




o 


< 


^ t/> t/> 


o 


5 < X • 






X o t/> 




ih J-*o • 




X 


< 


3 ^ UJ 


X 


z 




»- 


00 »A z 


»- 


< ^ < < 






< z */> z 




M 3 ^ X 


z 


LJ 




UJ ^ UI. 


LJ 


OC ^ UJ 






< 


^ X 


i/i 


< *J U »- 

( 


< 


»- 






»^ 




Z 














< 










o 


UJ 










X 



ERIC 



35 



76 : 



"77 



rg 


0* ^ • 


o 


<\k--*\ p f*- 




r*^ ^ o 




^ rs4 ^ mt" 


CO 


^ if\ "4 


o 


« o ^ OO 


» 


» » * 


» 




CO 


o in m 




fNJ o ^ 




m (^ 




<^ tf> tf> 




rg 


m 









O VT* 


^• ^- ph 


o 


vn 


O Vf> 




O 




>r >r 




CO 


O ITS 






o rn 


^ ^ »rv 


o 


CO 




* 






» * • 






» » 




o 


O "* 


--^ r*. N 




vr* 




rg 


fSI 








m 


rg 












fSI 





o 



^ 00 00 

00 iH a\ 
<N r» 00 



<N 


*c 00 


00 




04 iH 00 




m 


<N 


<N 




iH <N 00 






rr« » ^ 


(N 




m m ID 


00 






w 


m 




in 


CM 


n o 00 


VD 


<n 


(N 


rsi 


in 


Irt (N CO 


00 


00 


n CTN LT* 


m 


O 


^ rsi vD 


00 


^ 




VH 




<-» O 00 


VD 


m 




rsi 



^ 00 ^ iH m 
m ^ 00 o 
•H o m a\ 00 

m in r* o\ <N 
00 rn ^ ^ . 



k v>^ u ' '—f 

'in r*" rH rH r» 
N m o rn 00 



<N 



r»,r> in o oo 
r» m VD v> O 



rsj VD CTN tn VD ^ ' 
\o >-* '<o ^ o 
r» r» ^ ^ ^ .? o 



en <^ m 

^ ID <J\ 
O O V 

<J\ <N <N 

(N VD r~ 



00 f*^ VD V f*^ 



m (N m 00 00 

<N ID ON ID iH 
^ 00 ^ 

<Vl <7\ vC 
r>'(N ID m rn 



00 



CM 










00 


r> CM c\ 




ID VD ID rn ID 


VD 


iH 


r'> 00 O 


m 


vo O O CM rn 




ID 


^ 


m 


N m ID O <N 


00 












00 


' m o ^ 


CM 


c\ C\ (N <r> (N 


r* 


c\ 


<N CM. in 


r* 


in iH ^ (N CM 




iH 












• • • 


• 


:i:f: 

• • • • • 


• 






-J 


• • • • • 

• • • • • 

« » t t I t 






• • < 


< 




< 








• * • • • 






. >• • z 


»- 








UJ 


z 


• • I kZ 


z 


»- 


1/1 3^ > 


lU 


t/^ • z • ^ 


UJ 


z 


_J 




^ < < • V} 


o 


< 


UJ O > 




o z o ► i 




-J 




z 


z < ^ • o 


X 






»- 


^ ^ I u u 




< 




cc 


-J O W ^ ^'l 






, LU UJ UJ 




-J ^ I ^ 


(J 


UJ 


z z a 




^ ^ X CJ * 


z 


-J 










o 




t- 






u 




1/1 




(/) 


^ 








UJ 


jr 








z 













m o o 00 
ir. ID m r» r* m 

m 0\ r-l iH ID 

r* r* 00 *c r* <N rn 



VD rn 00 CN ID rn 
VD ID ^ 00 rj m ^ 

•H O 00 VD VD 00 

CO rn VD rH m 
i-H rvi ^ 



VIJ CT\ "H i-H ON rvi VD 

o rn vo o o r-*- 

CSI v£> "hM P- CO ID CN 

«. Ik ^ *• « 

ID n4> VD ID rH m 
rH VH (^1 m 



o o m ID ON ir> 
m CM CO rH vq H o 
i-H in ON in ^ 

pn O rn ^ rH m 
^ rH PM • 



^r*o^r-coo' 

(N ID ON ^ ON CO ID 
(N ID O ON ON CO rH 

iH r» ^ PM iH PM 



CO 

p» 



< < 



>- N« < < < 

- > o cr ^ o o 

* 1^ 3 (/) 

• < UJ O < X X 

< *o z i/> a ^ »- 

:r Z Z */\ <«-cr 3 

*j < UJ iv o 



3 
O 



O* rg >|> VD 



ph (^ <«f o CO 

O CO o ^ «^ 
p^ rg o CO 



r«psjiDocNomr^oo 

P^'OlDPNlONlDCOCO^ 
rHvDiHOCOONCOrJf^ 

m.HP*'mp*.vD^govD 
(N m (N ^ ^ ^ 



^ON^rH^rnrHPsim 
rHpsimm^ommpsi 
onvdvdcno^vdoooo 

rgoooiDOiCN^r^LD 
pg pg pg rH 



mCOrHmrHP^'lDVD^ 

oiD^^rHmmr*rn 

pgrH^C0VDr»C0i-HO 

pg CO CO o'pg pg m m 
i-H rg pg ^ rH 



p-p^pg-^^^pgpgr^ 
^mor»i-H^^p**<-H 

C0^VDO>-HC0VDi-HC0 

rHs^ovDiDr*mpgm 

rH pg rH m est rH 



VD rH lA-i-H pg ON O rn rpl 

vDiffr^rHrnvD^r^PM 
iDCSf^ONr* i-H vi> pg ON 

rHrHLTJONCOCOPgONiH 



• X 

• 3 



* u. 

• o 



O u 



► o 
; < z 
\ ^ < 

' o -I 
. cr > 
I O QC 



• z z • ^ 

• -J ^ • 2 

• o o • ^ 

< < 

U ^ V- 

z > 
X ^ 



O S i/» 
C) UJ 
> Z 



9> 9> 9> 
^ rg 



ifN m ^ ^^ 
rg p-« CO vD 
ou rg p-i o 
» * » » 
^ ^ N 

pH pH CO 



CO 

















CO 


ON P*" ON 


m 


fM 


^ O rH 


VD 


VD 




rHOO rH 


(N 


(N 


ov ^ 


rH 


pg 


rH 


On m On On 


CO 


^ m CO VD 


ON 


















Pi 


^ CO P^ 


O 


ID 


^ pg o r» 


ID 


ID 


rH 


(N 


O 


rH rH 


r» 


rH 








r;< 






rH 




ID VD ^ 


ON 


VD 


ON CO r» 


pg 


<N 




COON ^ 


rH 




o ^ ^ 




pg 


VD 


m ON i-H 


rH 




VD pg r» 


CO 


CO 
















ID 


rn** " 


m 


ID 


^ rH CO 


rH 


VD 


ID 


rH 


pg 


ON 


pg 


vo 


ON 



r«» VD m m 

CO ID pg ID 

o r» ON pg 
pg 00 VD ON 

rH rH 



ID pg ID ^ 
p^ o r» r» 
00 ^ p 



VD ID O 00 


pg 


pg ^ 00 CO 


m 


Op ^ m 


m 


r» o o ^ 




(N rH VD ID 




00 VD pg r« 


o 






" L " " " 




00 ro ID VD 


rH 


^ ^ 00 rn 


pg 


rH 




rH ^ 


VD 



00 rn CO ^ 

VDm ID VD 
00 CO ON ON 

VD ^ rn N 



CO 


CO rH m VD 


ON 


m 


ID CO O ON 


m 


00 


m VD VD rH 


o 








ON 


m rH VD CO 






rH pg 





> ^ UJ 

3i 10 (/I 

O 1/1 1/1 

3 ^ UJ 

.1/1 Z 



. Z *o ; 

I UJ M I 

: X I 



u 

X 



: < X 
I o 
: 1/1 xi/i 
^ < < 

: 3 -1 X 
; u ^ UJ 
; -1 u »- 



pg 


pH 


fn 


rg r** o ^- r-i 




rg 




o 


rg ^ m o pg 




>r 


vrv 


^• 


CO p-« o m 










» » * » • 




^• 






p.4 r> o >r (Nj 




rg 






r-1 o r-1 rg ID 















OLDi-HOOlDLnO 
U^COOVDrHrHONrH 

ONor^or^mv/iLT) 
rHOOmmmcornm 

rH rH n 



jHvDomvDm 

mpg OlDVDCOlAO 
U^OCOVDOOCOVD^ 

ot^CN^pgvDinm 



LD^rtPgOVDVDTT 

^TrHOiP^J^^rgmoN 
pnoNO&r»oooNPnvp 

r» CN* rHrvN-^rn pg 



mmoooor»r»ONOO 
^u^ONr»moNOP*J 
^vDOO^rH^rpgr^ 

oooiHPgpgpgp^'H 



comvDrHOONrnoN 
rnvDOOPgLD^f^^ON 

VDOO^VDrH^OOON 

o o * * •> ^ 
VD LD rH »H »H »H 



u oc 

Kl O 



< u 



z 

O 
X 



CO 

pg 



t>. VD rn pg o 
O pg rn o VD 

fv| O ON ON < 



C < O X • w 
X »- < XX 
< Z > » < o 
C3.0 UJ UJ >- > 
X Z ^ 3 ^ 



. i m rT^ u^ 
rH VD rH pg ^ 
pg 



00 ^ m ON o 
m ^rH 00 00 

ON >y ^ rH 

irt SI o 'rH m 
pg m 



u^ 

rH 

in 





VD 


CO r« pg ^ 


o 


00 


ON 


VD ON m p* 


m 




m 


m \D 


pg 












m 


m VD CO o 


^ 


m 




ON rH m 




C4 




rH 




o 


r» 


m ld o ld 




m 


pg 


\D 




o 


o 


VD VD o r» 


in 










00 


m 


rH rH 


m' 






LD rH pg 




! 




rH 




<^ 


ON 


o r» 00 


r» 


r^ 


ON 


r« r« r« "H 


p^ 


00 


pg 


CN rH r» rn 












rH 


pg 


00 ^ O VD 


m 










rH 




rH 








• • • • 


• 



o 

o ^ z z 

U» 1-4 O M 

•-K O X 

-J Z UJ 1/1 

< < a < 

u X u z 



< 



ERlCVb 




'•77 



Li 







M r» 








CO 








as X 




9 ll« 




H 








a CO 




Z Q 




OI X 




Ot 3 




X Cu 








Ik, 




o o 






CO 


as M 


Q 




X 




< 




« CO 


U O 




03 CO 


o 


03 


s 


3 >• 


H 


U <Q 






X 


ft* « 




O CO 




U 


CO 


X (9 


03 


o u 


< 


M U 




H -J 


kJ 


3 O 


o 


CO U 


a 






03 U 




H X 




V) < 








a CO 




M 




u 




M H 




as M 




CU V) 




« 01 




at 








O M 




M m 











O 




a 


fM 


N 


N 














00 




o 






- CO 


«o 




1 CO a 


OS 




X X- 




ON 


H O 3 ^ 






CO M fc, 






X H 






M 9 X 







O 



>« 


in 


in 


OS 


30 




H 


rn 












\0 




O 


30 




X 












CO 


r» 


-N 


S M 


m 


tn 


• M 






CO kJ u 




* 








O M k) 


_ 










•i^ 










O 


kJ • 


30 










U > 






o o 










4 




O 




u • < 


wn 






30 




< > 






H O 


O 














I 

] 




00 




< • 


in 


in 


OS H 




OS 


(0 > 






o o 




fM 


CU X9 




ro 


ft* 


o 


















<N 






in 


o 


< 


in 




H 






O 




OS 


H 




m 




OS 
























< 












o 




H 


H 





V 



r» in in m ar 
OS > ysi OS 9 o 

a * 'IQ fM - - 



CO «0 OS O 
in r- r> fs| f«, 

OS in -N ^ in 



r*» ^ OS r» OS OS 
r* in in in ^ in 
-N in 



rn 00 (n 



OS r» OS 
r» o r» 



/ 



OS rM in ^ o in 
OS in N J fM 
r» ^ f>i ^ fM 



OS o in o %o o 
J (N tn 



00 to >0 fN 
OS ^ ON rr) 1^ ^ 

\0 » in r* 



^ r% ^ 

rvi O 
OS ^ ^ O 30 

30 » r* >o a 



n vD 30 r> in in rvi 

3 30ooin'n\or* / 

n »noos30osr^ | 

^ ««»«»^| 

^ ^ ^ 00 r* 1 1 



H 01 O 



9 


rM 00 ^ o in 


in 


r* 


' r* in in 99 


OS 




fM in r» » 


00 




* » » « 


» 






in 









p» OS in >o 



fM in o 
^ o 

OS OS O 



<N r* -» *t OS 

O O O OS O 
\0 <N 'N in vO 
» » » % % 

in r*» ^o 30 



:j (N o 
r> m 00 
OS sO «t OS 

%0 rn fM 



\ 



(N J m >oooosooo 9 
in<No o <^ rn \o ^ 



r*r»in ^ xoosoo^^is rvi 
'*>in^ o rsiinrnr* in 



%0 9 00 9 OS 

-N rs* fs* a> 
.-M 00 -N r» in 
» • • » * 



(N :j r>> o n» 
%o ^^^ a r* 
nO \0 ^ r* 
« » » » » 

•N O ^ 

OS a in 



a rn o in 
NO 00 in 00 (N 
01 o a ^ in 

f- »o fM r> r> 
p in ^ r>ios 



OS 


OS r» 




in 


r* ^o ^ 


0 


in 


r» in fsi 






« » » 


* » 


a\ 


in 00 1/^ 




fM 








OS %o r» 


0 




0 0 




00 


in 


0 




» » « 






0 in 




\0 


rr) ^ ON 




«1 








OS ^ 0 




00 


9 ON ^ 


0 


00 


— r- OS 






» » * 






0 


in 




in a 


r* 









so 9 9 00 o in 30 
* <N OS 30 in in 

O <N 00 



00 ^O OS d ^ ^ 00 
^O 1^ 00 00 o ^ 

* <N ^ o in 



<N OS 00 >0 <N O 

in CO o 00 r*» o 

OS n« fl J (N -N 



fsi b 00 in in 

00 in 00 7 30 >0 

m in ^ 



f*» <N O OS %0 O *» 

a 00 



r» r» o vD r» <N 
OS in OS vo o in in 
in *N OS vo 00 in 

d in 9 vO %0 (N (N 



r» o in r> r» ^ o 
o in OS J a ^ 
^ o OS a in o 

O O ^ r« rvj ^ 
fM fM <n ^ 



00 o r* in o 

r» in vD o (N 
in in in r» 00 

f>* W It in 30 nA \o 
f in \o 







H • H M X 








CO 




D • U 30 






>« 


u 




U • CO CO kJ 




M 


ft) 


H 




M • 3 6< V) 




H 


CO 


•< 




H • = 


H 


X 


OS 


H 


O 


u • u < 


X 


< 


M 


CO 


X 


M M •< 30 M 


0 








< 


XXV) 0 


Q 


H 


a 




X M CO a 0 


M 


< 


3 


04 




0 < •< M X 


ft] 




Al 


H 


X 


u c c X a 


> 




X 


M 


M 






\ u 




X 














JK 


















H 






X 






X3 





' CO 



O X 

X .< M • O X 

M M a o u H 

O U M CO OS 
kJ X M X M O 
M M C O X X 

(O 
M 




oinpnpn»f»(Nr»«<N 
*0'*^5rin*»>»-'N£>^ 
\OOsr»infNip-cs<N 



rs«in«Nrs«inpnsO'^'* 
r*»>oosin^oooosr» 

00»"30'^'"O»-00 



<N O \0 "N 



Os»"0^'^'^>000s 
•-^OS'N'Nr-^rNjrNJ 

» » » % » 

fM fM fM "N 





in 1 


* OS 








0 OS rsi 




rsi OS >o OS 


30 


OS 


<N in 


OS 


OS 0 r» 


v» 






» 


* * 












x: 
<v 


in 


<N <N 00 


00 


f*) 00 0 r» 


vO 


OS 


nO r*» OS >o 


«o 


\0 3 3 


OS 


r» 


OS CO 9 9 




cr fM OS 00 






» « » % 


* 


* * * 


* 




sr 




fM OS 















>o oo>or>ar»osinr»'*i 
in os30 30»"r>ain'nin 
OS aar>os<Nos>opn 



I W rsi >A ^ 30 N r*) O 
UtOifN O fM p- ^ 



•->o»-rMr>»-oosa 

in o o> in i/vn » 
>o r> r> a in 00 



o 

CO 




o in o V- d|^o\ <N 9 in 

oinof^inin<Nrnflo 
in r« OS r* os'noo 



0 OS uS 










«1 5, 


%o 00 rvi 


0 








0 


r» ^ fM 


%o 


30 ^ 




0 0 


* * * 










« » 


in OS ^ 


0 


0 


OS 




in r* 




in 


r» 


r» 




rn . 


• < • 












• M • 












• (Q • 












- Ki . 












• D • 












• U • 












• 0 • 






<< 


<< 




• U • 






X 


X 


• *< 








M 


M 


• M 


• ft* • 






nJ 


U 




• 0 • 








0 


• M 








ai 


OS 


• « 


M H • 




a 


•4 







^ _ U u 

M a « 

V OS M b kj a X 

4 H « c« >4 H H 

^ CO O O 01 oq 3 

M M kJ M '4 O O 

o o ft* (9 1} at V) 



X ► 

H 

03 CO 

M M 

>■ X 



01 



O O 
O «N 

r> 9 r> CO 



a r> fM « 

00 in >o 
o >o 



>o <N 

a * 00 <N 



OS 


>0 OS ^ 


3 3 


1^ 


<N 




\ in 




r> 


in ; 




in 










r> 




in* 


OS 









OS in 


r» s» 


30 




OS 


30 OS 








OS 


^ 00 


in OQ 


»' 
















00 





00 0 r> \0 




fH in 


00 \0 




rvj 


in 




<N 0 




00 00 >o in 


in 




in 




• « » 










fn ^ :t 


00 




in r> 


in 













OS 9 0 00 

00 0 \0 9 
^ rsi 0 00 
» « » « 


00 


injfp \o OS 
00 in 

QOfM^P 
» « 1^ % 


r» 

ro 


OS OS OS 




^ f- 00 


fM 



r» o in in 
»n r> in CO 
rn w o ^ 



00 o 

^ ^ 

a o 



o* 

Q4 M 

>« M M 

< X CO CO 
S U CO CO 
*< D M W 

eq H CO X 

< X|0 X 

U Cs] M M 

« M n H 



01 



U 



I O J- 

I X 0) 



I O H 



I >4 IB h 



o 



\ 



ERIC 



78 



36 



79 



/ 



t- 3 

<N f- 3 

» r» lO 



ON r*» OS 
r» o 

»0 — lO 



5> i/> o ^ 



9 


<N 0) 0^ O »0 




r» 


r*» »/> »/> 3^ 3 


ON 




<N »/> r» ao 






» « » « 






r*» <N <N 










o 


<N r» CO a o> 




ao 


O sO O ON o 




<N 


«0 <N (N (/> O 




» 


» » » * » 






O ^ 30 






V* V* ^ 




ON 


»- » -N <N O 


ON 




r*» *p ^ <x) 


ON 




» 0* ^ » o> 






» » « » » 






P- r- »fl rr> fvj 


in 



^9 9 O O iT) 30 

^ (N ON CO in in 
«o <N -*> <o 



® O ON J ^ <0 
sO O O O ON 

<N a »o in 



(NON^sONNO in 

inco7»o»r^o in 



jO'nJinrrjp-^^ 

oONr»in(N^ON(N 



(Nin<N<Nin'no'n»- 
^*>ooNin»^o®ONr* 
©'-co'n^O^® 



<N o O N N 



ON'^O^'^'^OOON 

»ON^(N^ON(N<N 
"NrrJOfNl^fN-nsOr- 

\ * * * 

fN <N\N N f- 



*n (N <N CO 

so ON o 

ON CO a 



*o o o 

O <N <0 

f> a r» flO 



ON 






«o 


(N ON sO ON 


.CO 


ON 


r- ON o 














<N 




® o r» 


sO 




a ^ 3 


ON 




3 <N ON CO 




* 


» » * 


• 














<7N 


O ON O 9 


rr> 


<N 


a r» in in 


r» 


r» 


<^ in a 


in 










— in 


ON 



^'nOOtfONOO 

r«» *n 'in in ON © 
o in » <N 



infn99(N^ino 
^ a <N ® <N o o 
ot* r» in on (n in 



smrM^ONs^r* 
(Nrnrno'ninin'n 

' ONO^flOao*^^ 



<N 00 » >q 

p* ^ p«» o r» o in 

in CO 9 <N 9 ^ r> 



o <r» in » so 
o O) »^ o o 



a <N in ,^ 
ffl r» sO <N 

» <N ON rrj 



o 



> in 




* o 


<N 


r fM 




<N r>i 3 




» <N 




in (N o 


O 












in 


— r» r» 


*>* 






<N 


<N 


» O 




9 ^ 


r«. 


> 


ON 


^ i/> 










o 












9 






* <N 


ON 


ON r» rr> 






in 


r» <o ^ 


O 


i 


in 


r» in (N 


sO 




* 


» « » 






ON 


in o in 






'N 






1 o< 


'N 


ON so 


O 


\ o 




so o 




1 » 


0) 


^ in ^ 


o 






» » » 




t » 


D 


O in 








rr) 9 ON 








fN 





^ ^ o ^ 

<0 QO ON O CO 



CM ON rs 

«0 ON CO 3 

N in r» 



•~ <N ^ o CO in in 

O in 20 9 rr) 20 sO 
rr> in 3 3 



<N o ON^o o TO <o 

3 00 ^ rrj rr> ^ 
ON 



vOsosoN o r»r»o^vor»(N 

NfMN'noo (N ONmoNvooinin 

fNioo-vir^in <N ln'NON^o'*^a>ln 

***** » 

s090NsOr» fn 9in9yOvO(N'N 



<N » ro o p>» 
sO <N a r» 
so <o ^ 00 ro 
» » » » » 
N o 3 ^ 
ON 3 r» in in 





rn 


ON 


9 O 




a — ■ o in 


N 








ON <r 


O 


«0 0) in CO rvj 




fM 


0) 




r» ON 




<N <o » in 


ON 












» » » » » 






o 


o 




in 


*o <N r» r» 


in 




in 


in 






f»> in ^ jp* ON 










9 







p* t> in r- ^ o 
o in ON » » ^ 
» o ON a in o 

o o ^ r» (N <n 
CM (N fn a 



in 



D<or*^r»ONinr»<^ 

ON»»^p»^inrr)j/> 

»3r»oN<NoNsO'n 



TO O (N — O 



® o in o ^ 
CO ^ r» in »o o (N 
in in in rr> fs. ® 























































































































































• • < 












< 






• • M 
















u 


» • X 


H 














M 


M • < 


X 








• X 


X 




H 


V) >e ^ 


M 


VI 




X 


• M 


M 






OS 0< M 


U 


M 


< 




• to 


U 




< 


to* O >* 




o 


X 




• X 


o 




n >• </> 


a 


X 




M 


• o 


X 


;n 




z 


H 


M 


M 


a 


o o 


H 


til 




» at z 


32 


*A 


O 


u 




OS 


M 




>M M W 


O 


>-l 


X 


M 




o 






X a Q« 


X 


M 


M 


K O a 


X 






















a 




H 










H 




o 




W 










CO 




M 




•< 










M 








M 










X 



' O ON 9 

''iinooNinin'^TO'^ 
<o r^r»aincor»so 



OinO^ONONrN^ii^ 

o>»n o r» in in <N m » 
inr'*0'-ON»»*ON'^a) 

(N a <N in in fM 



ooNin<N'nr»'n'na 
<o a)«cN o a a ^ o ^ 
r^a<Nvocoio^oo 

inoN'^oooNt^inr* 
<N p» in r» p» m 



• O 



• H H 

• O O 
^ • • hC w 
H M ^ 4 M 

O OS a a H 

CO CO O CO X 

< ^ a so ^ 

CO X^CO OS H 1^ 

X X c/) A 01 3 ^ 

< M M M O Q < 
^ C C X X 



• »U • • • »J I 

• O * • • O ^ 

• • • • X < 

M *. • a ^ 

01 u ^ ^ X u 

M a M 

I S O 



o a Ig < 



^ 3i 

<M O! 

^ o 

V X 



X 

U M M 
X ^ 

a M 

H O H 
3 OS <n 
O M M 
VJ >. X 



» r» <N » 

o in «o 'N 
o *o ^ 



sO <N O ^ 
9 « O) (N 



(N — ON in 

^ ON » ON 
^ ON — « 



0*»^ «0 >0 






ON 9 o o 


rn 


in rn so ON 


rn 


o 


0} O vO 9 


0) 


'N ^ 0) 


r» 


rn 


^ <N O 0) 


fM 


00 <N ^ O 


0) 




« » » 




» » » « 






ON ON ON sO 




9 sO ^ I'M 


CN 


SO 


^ <N 




^ 0) 
















r» ,o inin 


o 


^ 0) o 






in r» inw) 


in 


^ >o rn ^ 




o 


rrt — ■ ofa 




<N a O N 


O 




» « S ^ 




* » * » 






vo r» ON 


<N 


o « o r» 


ON 


ON 


(M ^ rn 


O 


^ (N rn 








(M 










t 
























































K 










•a 


.* I M .* 


X 






H 


• • Oi • 


H 






X 


• • 04 to 


X 







J X w w 

C U </) </) 

^ O M M 

«) H </) X 

< X </) X 

M M M 

^ m: n H 



^ ^ s 

W M O 

X (/) a </) 

< M ^ ^ 

K 3 »-l M 

0« O t< M 

^ -1 O H 



9^a}-^oinso^ 
inoN<N^^®®a 
O) ^ ^ ^ ^ o< 



inyO'-OCMrn^r- 

ON o) ^ a ^ <N r» 

a ^*sO 



9O9(-MrM0N^0a> 
^insOWONOrnON 

ina)sor»<NininrM 

r»rrrn<N^^rMf- 



©^OOinOfflrM^ 
^sO\0^>09(Nrn 

00 ^",00 rn in ^ a in 
inornrnrn^r.^ 



'■r*»r*» wON^ ^ffl 
<NONf>/^o^ — or* 

rnONr*sO»<NONO 
O rn (O (O *0 (O ^ ^ 



r» CM rn o r» a 
o in <o — <N <N 
<N O) rn rvi <N r- 



ON 












sO 


o ON o <N in 






<N rn in rn 






sO ^ ^ rn 


(N 




\ < 












H 






ON ON r* <o O 


r» 


SO 


<N ^ o ON »n 


o 




fN* o ON in o 






« ^ « » 




O 


in ON in o 




rn 






rn 


<N r» so r» ^ 




o 


<N ^ rn p <N 


in 


r» 


0) a ^ o ^ 


r» 




« « « « * 






^ r* so 9 (N 


in 




o «N in 




ON 


O ^ ON O sO 


<N 


o 


*^ o in so 


0) 


so 


in ON ® r» in 


<N 




« V * « * 




0) 


lO O sO » ON ■ 




<N 


♦*a) <N rn vo 




in 


•P. 







o ! I 

V . u • . 


• O • 


• • M • 


•< Q • 


4 • M * U 


X ^ • 


X 4 M • X 


O X o 


4 a n CM 


O B 


H 4 as 


M ^ 


X ^ X 4 O 




^ U M 


n X X D X 




«< O H K ] 
X »U M CI 

w M < o 

^ »4 X M <n 

^ 4 « ^ 

< u a o X 



H 



ERIC 



36 



79 



X o 

U3 

a u 

O 03 
OS t> 

o 

Z 

« u >• 

\ at cQ 



o o 

M U 



*-« V* 

(A >«1 

a H 

M 

H a 
s Da 
& > 

^ H 

a as 
O 

M U 

» 




o 
a 





0^ 










^ H 




*^ 


U > 


* 




O 'O 
















o 


w • 














i 
























O 


a* 


•< • 






a H 






CO > 






Q O 






u o 




m 






















ON 






(N 


00 


< 




















ON 






























< 










M 












< 






H 








'A 






U 




U 






X 


< 




< • 


H 


a 




V) 




z 




< 


O 


o 




M 


M 




W 




sc 




M 




> 








:3 


31 



r* o »- * 


CO 


If) » o 


<N 




)S 


0> 


9 






P* if) ON 


P* 






* 


* 


















ON fN o o 


•o> 


o n 


If) 


» vO n <N 


. St 


r* <N in 




ar f*» <N *• 




^ o r< 








* % 


* 






if) CO 




> 






If) 


\ 

<^ QO o ^ 








0> O If) <^ 


o 


QO r* » 






00 


^ ^ 


P* 




* 




* 






















- 




fN o> r» oo o If) 


o 


r» \o p* 




QO rn <N <N 




ON ^ m 


If) 


if) <N <N 




vO P* <N 








% * 
















* 




P* o » o o o 


<n 


® <N 


CO 




p* 


T* ^ If) 


oo 




o 


ON 


o 








* * 











p* p* o r» 9 

if) <^ * ON <j> 
O <N If) P* 



(N If) <n » 9 

If) QO *n p* 

^ *N <N p* m 

* * k « « « 

o p* n r» p* 



<N ^ P* If) 
\0 If) QO 9 ON 

p* p» 'n \o ^ 
» » » » 

^ vO <N ^ 



ON rn P* X 
O O vO 

ON m •*> 



O vO ON in X 
vO fo QO ^ ^ 
if) if) ^ if) 



QO n (N O QO If) QO 
O » O * If) If) If) 
*0 <N * QO rn 



r> U" If) <N QO 

ON (*) ^ O * ON ON 

^ (H 9,\r> If) 

If) 5f fN <*> 



o> 9 Ot fo ^ <S o 
^ QO lo P* n P* O 
ON P* <N <b 3^ (N 



ON ^ <N p* <N l/¥ rn 
O If) O QO vO QO \0 
m If) ^ <N m 



P* <N O If) \0 O QO 

3^ QO m 



<N O If) ON fN f>J 
CO 3^ <N (N ^ 
rn (N 3^ If) P«. 



O ^ (N 
9 ON 

» * • 

If) fN 



r» =r QO^ 3^ 



9 QO O vO if) QO 

p» m if) trt QO 

^ ^ If) 00 QO 

vo vo o m u p» 





^ 


o 


O O f> (N 




If) 


^ o 


ON 


If) r<9 & (S fN 




o 


1*1 O iD 


rn 


vO ir O If) po 


ON 


* 


« * * 




» « « » « 






ON O 




J vO P*' 


P* 


ON 






m *n r» *n J 


ON 











m m \o QO tN 

O 'M fo po. V o 

O ON ^ ON if) ON 
* * « * V « « 

O O O J vO <N fN 
CM rn 



00<NrnpvOOI»0 

.9 ONf>i\o^*-o«r 

vO P* ^ ON <N 



» tN O ©"TON P* ON **) ON r* 

p* <NLr»a)oKif)vo 

CO QO fN ^ if) ^ QO 



ONQO^OO <N CNif)NPao 



cr in <N «- 

o \o ON m 

ON QO 9 If) 



QO 
3) 



P" O 3^ P- 

in rvi ON 

a» ^ 00 O 



ONor<>p<»aovOvoaoao 

0NT*<n90N*-fN 

<N ONQOininrno**- 



QOO^fOOO'^OvOQO) 
ON QOV09000N09 

cr <N cr ON in rn 



OO0N\O900fNr»>« 

" 9 o m «4? 

p". 9 



»- f- QO O CM 
ON <N ON <N in 

<n p* <n p* in 



ON rvi \o 
9 in \o 9 

m vO vO M 



vO vO «0 *• 
9 ON <N 

rn p* m QO 



<N p«. ON rn 

in <*) QO 

^ vO ^ <N 



p* 


, in vo vo ^ 


vO 


9 P* o in P* <N 








m f>j (VP* 




ON in ON 9 o If) 


o 


rn 


in 


9 QO in ^ 


r* 


If* rvi ON fN rn QO in 


p* 




ft 


* * * ft « 


« 


» ft ft ft ft ft ft 








* 9 ON vO P* 




9 in 9 \0 \0 (N (N 


c» 




9 


r- 






in 





po 


in *- 


<N 1 ON fN 


rn 






rn P* X 






in X 




m 


ON 






p* p* O rn o 


p* 


ON 


<n p 3N 




ON 


ON 


rn fN 


po 


o p*' in p* p* p* 


rsi 




ft ft ft 


ft 


ft ft 




^ * 




A ft « % ft ft ft 




ON 


If) X in 




m 




o 




n 9 P* vO vO 


in« 


rn 


CM vO 3^ 


in 


in in 




in X 


X 


rn rn in rn 


'Nv 




f 

i 


'n 












fN 



P* ON p* X '•1 X rn 
vO Po X 9 X po \0 



in rn a vo 



OinONXOOfN'Ntf 
000<NornvOONa 

vn<NC*ONin<vx*- X 

ft ft ftftftftftft 

^ \0 ON 9 9 ^ 9 

«. rsl rr) rvl 



U I -r— \^ ^ U I ^ ^ 

voo<nvorM<Np«.<ns£x 

P*<Nin<N9XONrn^ 



rn rvl o 

9 9 X'lp*' 

m 



If) ON \o in 

<N O <N X 
X X vO 9 



CM m ON in 

P* ON X 
rn <N <N 
ftf* ft ft 

9 in po 

<N " 





O ON \0 


r* 


Kn <*> <N p«» 


N 


TM X 


X 


p* m 




X o o 




Po O <N 


ft 


ft ft ft & 








P* ON ON O 




9 X O 




• f* 


X 





u 



10 M 

-t ca a 

H M X 
to X M 

V) W J 

9 a« V) 
X x: 

_ - u « — 

UJ Qij ^ X bl O 

X X (n o'x 

y M 'A » O tU 
O < < bU X BO 

u x: X » ^ 



: M H 



(n K ^ 

a o< ^ 

^ o >i 

n >* V) 

X 

■ X X 

^ Id QO 

X X a« 











































• A 


•< 






• •< 




as 










H, 






• o o 


• X 






< • 




• M 


M 




H M 


< ^ < 


• V> 


U 




O X 


K a a 


• X 




• w 


V) D 




• o 


S 


• "< 


BO O 


X X 


o u 


H 


•c to 


X Vi 


X H H 


M V) 


03 


X X 


X (n 


X « =3 


X M 


o 


o 


>j M 


WOO 


O a 


X 




«3 S 


X X (A 



in <N 


CM X rn o a \0 


rn 




a rvl in rn 


Po 


• <4 • 


• • • • f # 




• H • 






« M> • 






• n • 






• X • 






• 1^ • 






• o • 


• < « • • 




• u • 


• • X X * 4 






• (MM • M 






• ' • ^ ^ • X 




• o • 


• • O O • M 


H 




• » 00 ca • o 


X 


u e4 • 


. a M. ^< X 


u 


X u < 


< X u ;j M M 


u 


M a 


M < X > 






X 




H 


»4(/)OO03X3 "^(Z) 




Q0M^Q0<4O6mCO 


o 


aaiuoxx(A^» 





X a <*Y \0 
X P* <N in 

<n X o <n 
ft ft % ft 

a P* ON fN 



9 

ON 

ft ' 

f>l 

vO 



c\ 

•X in rn p* 
^ ON \o »- 
« ft ft ft 

O ON ' 

<N ^ 



» a* 

■» a* M 

• M M 

[' < « w w 
c u M 
•^^x M w 

X t-i W X 

< 3 X 

-J eg M v4 

< id i: v< 



u4 



u <n.x « 

V> M O 

X X W » W 

e4 M ^ M 

X )C -J M 

O X O CO 

vr < ^ o H 



ERIC 



37 



8i 



^ \o tr 


00 


in » in 


CM 


o 


9 


00 (M O 9 in 00 


00 


O O fN rn r« 


O 


(N 9 O 


00 


>0 00 9 O 




m 


A 


O 


*-pnOO*5?-009O 


in 


00 ^ in 9 




CM £ 




in 9» o 


9 


in 9 ^ 




o 9 o 9 in in in 




9 


^ <M %0 


9 


^ O 9 


r» 


• <7* 00 00 


fN 




in >o 00 


o 


r» ^ in in 


c^ 


m 


o 


^ 9 O |D 00 


in 






«n a» 




O fN in 9 9 




>0 (N "N 9 ). 00 






\o in 


r- 


»- ff» 


r* 










,9 


O 9 


9 




rsi 


00 rM 9 «A 






* 


* 


< * 


* * * * 


* 


* 


* 














* 




* * 


* 






• 


* 
















<N 














- 


9 






<N 


























































* 








O ^ 


in 


<N in ^ 9 


9 


f^J 9 in (N 00 




rsi o 


00 a» 




n o» r* 


fN 


9 in fN ^ 


9 




o 9 




in rsi 9 9 rsi 




o 


fN 


o in ^ 


o 


**> O <N 2 




r** <N in 




in ^ 00 ^ ''^ 




^ n ^ o 9 




r» 




o 


in \o 


ov 


o »o ^ 


OO 


in 


(N ^ 


9 


^ in rsi 30 rsi 


O 


00 




o o in r* ^ 


sO 


rvi in 




9 o r» 




9 <N <N 




CM 9 in in 


o 


3D 


» <M 9 


in 


^ 00 




<7^ 00 9 ^ 


9 


9 


r- 00 O 




o sO in ^ 


rsi 


o 


o 


o o m in 


9 






* » * 






* 


% % % % % 






« * 


* 




* 


« % % 


l> 




* * % 


















o 


in ^ 9 


9 


O O ~ 




in 9 (M 


00 




in ^o 




fN 


o 


9 f*> 


fN 




^ ^ 




9 




rsi 


fN 


po 9 rsi rsi 






<N 




in 


^ 






<N 












* 


fN 














in 


9 




00 in o \o 


U> 


a» in 


a» 


CM 9 r* in 


r* . 


o\ ^ (N o 


i 


^ o 


rs. 00 




>0 00 00 




00 O rsi 




>o 


>o o ^ 


sO 


9 ^ rsi r- ^ 








9 9« in 9 in 


a» 


O lH n 


o 


CO 9 




>0 in 00 9 


in 


^ 00 ^ ^ o 






^ m 




<7t »~ rsi 




rsi,«^ -N in 




9 


^ fN rsi 


rsi 


rM CT» rn o rn 


in 


9 




00 sO sO ^ 






CO 


9 




f*» r* >o 


in 


a» r* (N %£) 9 (V rsi 




CM 


<7» 00 in 








rn in 




m 


m 00 


\0 


^ m 9 00 9 


sO 


ao *• 




9 ^ 30 












« * « « 




























« * 
















rsi «~ 




vfl fN «~ 


9 






















9 


00 


9 






9 







- \ 



!y> 00 o in 
rsi %o rsi 

rs| r- rs| 



sft 
a» rS^ 
\0 fN 



a» » 9 
o o ^ ^ ^ 
rsi a» rsi m >o 



a» fN rM in m 
o in o ID >o 00 >o 
m in r- rsi m 



<o ® o 
m If 



9 rn 00 


•"^O 00 


00 


^ <N sO 




<N 


r* ^ 




sO 


9 


00 rsi o 


rsi m 


rsi 


^ l¥i ^ 


O 


9 


30 09 9 


OO"^ O 9 


o 


9 in sO 9 


in 




<♦) 00 




9 


in 


sO rsi «- 9 


30 rsi 9 


sO 


o in SO 




rsi 


rsi 9 ^ 


^ in m 




m vo sO rsi 






>0 r- 


rsi 


fN 


00 


o 


30 




<N 00 m ^ 






















iV ^ 


















fN ^ 












sO 


\\9 




rsi 




9 









D 9 O O O 

f o • 



rn f*^ <r» fN 

9 in 

o Ch 



o 9* in 30 I 

o 30 9 

in k^> ■*) in 



rsi o in \o o 00 

^00 r" n P^ 



\ 



ir> . rg 



» 9 « rsi m o 
i m *o 



f^J/N O sO 
9 9 30 



o o o o 



in*-*-0'Npn35*- 
OS 9*-or^ 

a ^0 00 



o 9 o rsi in 9 
in f^HA f^ rsi 
rsi r*i' rsi 



> in ^ rsi rsi 
• 9 rsi (M 9 
^ rsi 9 in f> 



• 00 sD «X) 

> fN 9 sO sO 

> o flo 9 



o 9 rsi 
9 so a« 
in rsi 



9 

9 O 

n o tn 



in sft so o» 
m rsi OO 
9 00 rsi in 9 
% % » % 
9 9 a» sO r^' 



Or o r* fN 

in f^ o oOfrsi 
sO 9 o in 



9 o in r> fN 

OS in a» 9 o "in in 

in rsi rsi m 00 in 

9 in 9 sO sO rsi rsi 



iAo»sOin ?^ rsi m os in f*> 999rsirsi30*"oo 9 ^o^inr^%or^ 
rsi o rsi 00 vo' os.^ oo 9»-s090»Qa>o»" 9 rsir^oo»'^ 

00 CO 9 o m r- rsj rsi X) insOsOr>rsiin*-rsi so rsj co O) in o 



•~OfN'*^ls©000^'^ 

ro ^ 00 ^ 30 r^ 
\0 ^sO 00 9 c6 c sO 

I ri, in i/^ r 



f f*l 9 >0 



9 


m >o 30 N 


o 


O in OS 30 o o rsi ^-<9 


sO 


. O ^ OS sO 




9 


O fN 'N r> r> 9 O 




ooorsio.'*>«o<js 


9 


fN 


9 rsi CO 


00 


a» 


o c» 9 in o» 




Ln.<N OS in rsi oo 


<o 




•CO o o 






o o o 9 so rsr fN 




m r» >0 OS 9 9 


9 


sO 


o» o» o 


9, 


ON 


rsi -N ^ 


rsi 


rsi m rsi 




9 


•T 


00 


rsi 


m a 


9 


oin*"00O9in*" 


O 




00 9 P<1 sO 




r- 


o fn o 




vOOf^sorsirsir^m 




00 


fN rsi in 


9 




O fN n» lO n» n» 


r^ 


r^fNin'N9ooa»'*^ 






00 »^ o n 










« «««««« 






« « % « 






rsi m 9 sO ^o 


in 


in fN rsi 00 f^ o 9 






9 a* rsi 


*N 


00 


n n in n^** 




9 9 rsi in ^ f'^ 






' 


sO 



















9 


9 f^ rsi 


rsi «~ 


o 


9 OS in 


o* 




M 


I 












rsi 


00 ^ 00 in o in 


9 ^ 


a» 


rsi 9 sO o 




o; 


^ sO \0 \0 


in m 


00 


rsi rsi «^ 






o 


30 so 00 f*! in 


o r> 


00 




rsi 




sO 


in 9 f** f*! f*! 9 


sO 9 


00 


^ in so n 


rsi 


in 




9 • «- 


rsi 




*- r- rsi 


in 












rsi 






f»l 


<o r«»»9 OS o 


sO 00 


o 


o lA ^ in 




rsi 


9 


rsj m ^ in 9 


o 


00 


sO rsi in ^ 




• 00 


sO 


fn f*i sO 9 






in 9 00 o 




rsi 




« « i * « « 






^ « « « 








o 00*00 sO 00 




in 


sO 00 sO 9 






sO 


fn tr> 






r- fN f*> 










9 









f o so in 00 
» in in 00 
' in 00 00 



in 

in » rn 
OS O Js 



u 



8»4 



V) >C > 

O 01 ^ 

W O X 

>* w) 

X 

w4 M M 

X X Q« 



7 



OS rsi m ^ ^ 
»- m o» it 

" oy OS pn r^ 



^ ^ «- o 

sO 

in f*i /*» \o 
o lA f^ 
- o» sO ^ 



f X 
M < < 

O » O 
X ^ M 

HI S O U 

^ o u M tn 

J X M X M 
M M 13 O 3» 



H 

03 
O 
X 

H 

4 









• 4 






































• M 






































• tu 






































• n 




















• • • 


















• » 




















• • ♦ 


















• ^ 

• o 




: ij/j 










• t 






• .* • 


















• u 




• • X X 


• •« 


M 






M 






• • • 












• • • • < 


< 








• 'MM 


* M 


< 


! i 




< 


















• • • • H 


H 








• • ^ ^ 


• X 


03 


• • M 




«3 


* • • • • 
















. • . • o 


O 




• o 




• • o o 


• M 


H 


• • 0. 




H 








* ! o \ ! 






X 














• • a 01 


• O 


X 


• • 


M 


X 








• . •> • 




• M • • 


o 




• H M < 4 


< 


M 


OJ t-» 




• U < 4 


<< a 




• M 


M 




cn X < • 






► ►M. • . 




• * •« • 


H 




• O m o 


o 


M 


oa u 


^< 


4 X U U M M 


u 


< »c cn 


tn 


u 






< o * 


< ••>< • C5 




• <q • • 


O 




V} cn C3 cn 




X 


< M 


o 








i: u cn 


tn 




cn M o • 




X ^ • K •< oa • e 






X 




« M O < 33 




< 


ar M 




M 


33 


< 5 M 


M 


33 


X cn 33 t/} 




o 0< O o S • M 




K 1^4 M O 


M 




tn ac cn as H 


H 




< r» 




31 » H H O H 


H 


a t-« tn 


x 


f-» 


4 M 4 4 




M O 33 


H < X «3 




</l M < O 


33 




X X v> a 






^ cn 


3 


O OS OS » 


Vi 


i 3 


< X cn 


X 




» ^ H 


X 


M ^ < 


X ^ X < O 




«< ^ X £J 






< WM M O 


o 






O 


U Cd M 


^ 


o 


ffl O 04 


M 


« oa Q M H X 




»4 ^ < O] 






K ^ S X X 






O O ftu. 


o « X tn >> s 


tn 




H 


tn 


*4 O H 








K U K O 


x** 






H 














f-» 




H 
X 






£. 

M 






oa 


J 














to 






Wl 














t 


X 




SO 










< 

a) 






to) 
X 




i: 




1 








OT 



^ \ 0 
ERIC 



37 



81 




o in o o> o 


9 


rvj r> o^ 




<N o 


sO 


r» f- r* 


' n 


* vO »- 




in 


o 








» 






9 





»- rsi o © 
rvi rsi r- :» 



in o f 



in r- ro 



O 

U 
O 03 

« O 

H' 
X X 

ai 
ee 

u « 

(k« CO 
O H» 

S O 



HQ ^ 
=5 K o 

« <' a 

M ^ w 
03 VI * 
H'U 

' W M 

Q »-< 

^ U 03* 
M « \ 

- X > 4|.< 

Qi M ^ 
■< X 

03 3 

O M 

M H ' 

W < 



U 

ea 

D 

o 



ro r- »- CM ON f 

GO ;n in so ( 



6d (/) r* ^ ' r* GO '*! o < 

XW r- sOfN^O^GO 

• •H M fvi (N CM »- fM 

X ^ X » 'rO r- 

O W W » r» r- r> 

X X (9 





0^ » PO 


in 


0 *N in po in 




0 GO CM 


sO 


in in rvi >o r* 


0 


»- 0 » 


9 






« « » 


% 






:» OS r* 


sO 


in 










<N 


po ^ in 


0 


0 in in 


CM 


:» (N in 


CM 


p GO 4n GO 




GO in 


SO 


^ r- «- 




* > * 






9 


r- in 


PO 







9 GO 




0 0 f*! <^ <^ 




<N in 0 


X 


GO CM sO 9 




GO in GO 


so 


:» CM r- 0 










0 


po in 


GO 


in »- »- 


po 















0* 








SO 


X 


•< ^ 


in 




< 












in 




























H 








X 




0 




M 


lU • f 


ON 


m 




H H 


SO 


in 




<< >> 


% 




03 


H 0 








vi 0 • 









GO 


, GO 




PO 






. ON 




u] > 




§ 


0 0 


GO 






ON 




/ *^ 














/ 






PO 


<N 


-A 




r% 






ON 












in 


H 

























"N O »- lO SO 



r- CO o* cy, 
PH «n 




fN »~ O X 
O »- O O :» 

<N »- 3^ in in 
* V * » 

»~ PH » X 

PO o 



<N o a\ o :» 
in 00 r- CO 

fM ■*> ON 



ON SO ON 
ON fM ON 

fM .0 PO 



>JN 
fM 

<?N 



fM \n O GO 
O »- GO "M 



PH 


ON r- 


9 




GO 


fM in GO 




9 in 9 


sO 


ON 






in 


PO ON fM 










«> 














sO 'M 


fM 




















0 


X in po 




fM 


PO 


po in 


in 


ON in 0 








3 3 in 


ON 


LfN nO 


so 


0 




»- fM 0 




« « % 












sO sO fM 


ON 


X 




pn 3 




ON so 


GO 


in 




fM 


fM 












SO 


n ^ PO ON 




\n 


ON 


0 3 




ON »- 0 








so in 




r- 0 






r> 


3 CO fM 


s 


» «k w 










0 


^ ON 




X 




vO -S) 


ON 


rM OO ' 








fM 


pn 


-NT 









fM 



go fM GO fM O O 
fM fM lin fM 



IN O O O 



fM 
GO 

GO 
fM 



<N <*1 O OS 




fM ^ ON sO O fM 

in 



o o to o o o 



o o o o o 

fM 



3 ON fM ON O X 

o fM r» po o 
9 a a r- 



in p'* so (7N o o 
po »- 3 V- 
in 9 o so »- 



oin*-o*-aop^fM 

O 9 fM ON ON sO 
sO <N fM » » 



oinapocoo''**^ 
so so in ON r- po 
o so a 



fM in »- 



O'-'N^r^inr^OfM^ 

9 ON 9 GO sO o 
P^ O GO sO 9 



Osof^^ONcoin^in 
X o in fM so so 
a <rt a rn 



O»-P0OOOOOO 



OsO^O»-»-00»-» 

in fM ffl 
in 



0 0»~f^C7>ONOfN»~ 

inoN^infMso^if 
in so fM :» in »- 
« « * « % 

po ON in 

fM »- -P^ 



G 9 9 9 f*> r*y CO Oi 9 
xoNPnfMrsj'^r^in 

fM PO a O »- sO 
« « « « « 

ON X X fM sO 
fM fM a fM 



lh po o in 



o 
o 



in olx 
po 

X 



o r* o 

PO w» 

9N e 



o 

X 



in 


ON PO ^ fM 


SO 




a po 'n so 


ON 




po 






« * 




X 


•~ so 








P^ 


fM 


ON fM fM ON 




ON 


10 fM 


0 




a 


in 




* • % 






ON 


ON 


fM 




PO 









O O :» fM 

in in ^ 

o «- X 

X »- 



so in in 

lA ON 

in po 



r» 00 



sO X s£> O 

p^ X in 



o fM po 

X <N P^ 9 

in ON 



so 


0 0 fM 




'n 


in X 


ON 


0 


PO sO 


fM 








9 


fM 





O sO sO 



O CN 
9 



in 



s 

9 



o 

M 

/5 



H 

O 



•J 
z 

•I- 



H o 

H M s 

CO X < 

t/> w J 

3 U. (/) 

X s: H H 

O -< X 

>4J M << X to O 
X X O 

X M » 0*« 

O ^ < >o s u 

U C S3 Z 03 >• 



(O 

a; OS ^ 
CO o 
X w 
z 

X 3 X 

(O CO CO 
X X <X 



V) 



H 
X 

M , 
U 



• o 

I X o U 
I U M (/) 



H H 

o o 



H H •< < < 

O >c a o 

- W W D (rt 
3: ••<MO<< = X 
b-< < (/) X V) 4 HoH 

X axxtnajois 

O O<»HMC0OO 

X M%cc3s:xxv) 

*H 

tn 



• o o 

• OS « 

a << ^ • 



og u ^ ^ X u u I 

X ^ M a M ^ 

< aiasMWj33xi 

H ^(n'OO03 033( 
^ COM^JfU^OOt 

a a o c V) : 



M 


< 


















X 


03 






M • 












M 


H 






Oj • 


H 












X 






O. CO 


X 










01 


CO 






H 04 


u 


W X 








M 


u 


< 


MS 


w tn 


U ' 


< < K 






<< 


> 






u 






W M 0 






X 




2> 


< 




H tM 


33 


, X W X 








H 


e» 




H 


Vi X 




' < M ^ 






N 


W 


»• 


< 


X 


X 




• 3 ^ 


M 


X 


M 


CO 






M 


H CO 




« 0 k£ 






03 






< 


iC 






< ^ 0 


H 


< 


< 



O 



tr 



ERIC 



38 



9 <M ( 



O CM 



5 O 
D 





o> 3 






O 03 (N 


so 


o 


O CO 


9 




« « « 


% 




o- <7> 






rsi 






* »n 


O 




* <M »n 






00 »n 






» « « 


* 


•™ 


«- o »n 


in 



1 ?. 



9 00 OS «- 

'N in o CO 

00 (/> (X> o 



ON <0 OS 

OS fN 0> 
'N <0 rn 



»- rsi o CO 
fN rM ^ 



to »n n I 
»n in oi o I 



OS o «~ in in 
o CO in OS 00 
«- 



go OS o» 
00 rsi o 9 
o- rsi »- p* o 



in p 00 ^ 



CO »- rsj o) rsj o o 
<>j rsi in rsi 

' •-OS 



iD (N ry rsj o o o 
p^ CD 



Oin*-0«- :J O-fO fN 
O * (N OS OS O 



^ oor'-inost-rn 



in o An 



o P* 

, in rr) 



CO 



c o «- 

OS e 



00000»-vOO 



"1 


OS 




^ 00 <Ni in 00 


9 




9 tn 9 




OS 




<N 


in 


rn OS <M 


o 


r* 


















o* 




rsi 






















30 in fn 


O 




r* fn in 




in 


OS in o 


•n 


«~ OS 


^ 3^ in 


<M 


OS 


in >o 


>o 


o 


«- <N o 


00 




» % « 










in 


<0 >0 (N 


o^ 


CO J 


fn 9 


a> 




«- OS »0 


00 


in 







» O ^ OS «- O O 



(N «- OS »o O <N 

. p* in p* 



o o o 3 o o o 



fn o o p r- o o 



9 OS <N «- OS O CO 
O <N p* P* r«<< O 
3 3 3- «- 



CM in 



>Qv>ror^inp^oo4«~ 

C?< J CO o 



*00 «- Or-ooO*SC0O 
■n 00 ^ OS r- 

f"' in a 



OvOr^F»osa>in»-in 

30 o in rsi so \o rn 
^ fn P-. 



OS i/> >o o X 
OS " ao 



O r- m 

03 P* 



oooooo 00 'nocSin m o »> ■ 

r*^ 9 ^ 9 r4 ' ^ 



CM m p* 
«- m OS 



O fN o o O ry o 

3" O 



o OS o p* • o 



o o o p^ m o 



o o OS «~ o 

o rsi 



^0 


O = 


o rsj 






ir 




OS 




r* 


>o 


(N 






Ik « 




3 




CM 





\0 ^ 



oinooof^fno p* 



Oinoooospo in* oinooo o 



o « «ys 
in (N 



o o 
• in OS 

in si3 



> «- oip ^ »o rn « 

CO P* V sO 
00 



<N OrMWs*- O 0>0000*-r^<0 

00 in \ rsi !N m , 
a' • r^l » r^^ >o <m • 



rn OS OS O 

3 in »o 
(N a'ln 
» « « 

in "N 



OS 

9 rn 



o o 3 rsi 
in-in p* N 
o «- o 



■ *, O O O O O 00 o 

r< sD 



o 3fO o o 
rsi fvif *" 



o fn o P* 3 

, ^ OS f*! CO 



o 





3 OS 




in OS o 


9 


O 




OS «- O / 




9 9 >o 


rn in 


o 


OS 


r- p* O/ 




3 


00 rsi 


rsi 




* * */ 










O 


3 OS p*l 




CO 9 


>0 00 




OS 


rsi p* ooj 


IT- 


p* 







ir> prj O P* OS ^ o 
V- rn P^ «<- 9 

in <x> o o »— 





















































• • • 1^ 












• i • 










* i 


• • \ 
























• ' • < 


< 






< 
















X >• Z 


H 






H 


M 


u) • •« 


Z 




• Z 


X 


H 


w > 


CO 


V) • X 


• M 


cu 




oa 06 ^ 


'J 


M < < 


• Vi 


u 


< 


b) o X 




O 2C O 


• X 






'''^ >• v> 




X < M 




m 




z 




M X 


o u 


H 


< 


» 3,SC 


a; 


U O u 


M vi 








O 


-a X H 


a: M 


O 


•J 




»: 


M M JC 


o » 


X 












t-« 






V) 








M 




•4 






M 






CD 






31 



H M 
O ot 
M M o 
^ M O 

M X to 

XXV) 
< M M 

sc 13 x: 



• < 

• H H 

• O O 

• i£ 
*< < 

>S Q Q 

Vi 

■< = X 

>M H H 

iS o; 3 

WOO 
X X 7) 



O 3 9 

CO OS 

rsi sO 



:* rn ^ ( 

rM rsi M r 

9 o ^ »■ 

9|rsi 



» O 
04 H 



91 u ^ « X 

•M M O M ■< 

n X IS *^ 

^ H kfi « H 

VI O o OS 

M M M « 

a iM u c 



O O • M 

ca % • 

< « < 01 

o U M M 
X > 

a z M 

H H O H 

m 3 OS to 

O O M M 
X CO >\ •» 



I ITS , 





»o in p* in 


a> 


O OS o o o *- 


00 o 


o? 


o 


in «- OS 


OS 


in ' 9 


OS 




in 


in fn in 






















<?s 


rsi so 


OS 


I ■ 








rsi 




1 





o o in 

00 |£] ^ 







•-4 






< 










OS 


• • M • 




• « • , • 




H 


• • 0< • 


H 






X 


• • O4 bl 


X 


t • •< • • 




Ui 


• X M M 




to X • 




a 


^ &<: (0 CO 
' «: u CO to 


u 


< «: •* 
to M 0 • 






< 3 M U4 


33 


Z VJ X to 




H 


m H (0 X 




•< M •< •< 






< X (0 X 




» »j M 


X 


o 


M M CO 


0 


qn 0 ^ ^ 

< *J 0 hi 


M 


CO 


< ^ x: (4 


to 


< 


H 




t-» 




X 


to 




to 






< 




M 










» 







' o 
; Q 
X <^ 



• X 
> X •< M 

O a O < o c 

u X ^ X «: 
Mgj^a«^j»<0 

» O Q O t^iu ^ >* 
^UHcasxsai 



At 

M 

% 

CU 



•4 O M 

x: H 

to M •< 

< »J > 

•< U X 



X z 

O M 

t3 X 

(U to 

p » 



If 



^ R2 



38 



83 



\ 




U 



u 

V) 



s6 

J. 

2 









M 






OS U 






M X 


* 


* 


X M 


in 


9 


H H 


o 




O U 
















1 


V) 


r» 




M 


o 




< U 






M X 


* 


% 


o w 


in 


r* 


O H 


rn 


<N 


{/) U 


<N 




V> 






i ' 


>o 


(7\ 




r* 




o 


rn 




X X 


* 


* 


O C5 






O 


r* 
















V> 




00 


M 






M U 






iki aft 






H M 






i-J H 






U 


in 




(/) 


















1 </> 


GO 




W O 




rn 


X H 




* 


H H 




9 


< 


r- 










i 


<o 




Z ^ 






O 


rn 




« H 


% 


* 


H X 


o 




> M 


o 


fM 




(N 




M 










to 


9 


in 




in 


9 


u u 




O 


H X 


% 




10 M 


o 


00 


X M 


9- 


9 


a u 


rn 




o« </> 






o 


(M 


vO 


1 X 


in 


rn 


H H 


9 




O P9 




* 


X M 


9 


o 


M M 


00 




X 


rn 






(N 


rn 




m 


o 


•4 


in 


rn 










rn 


(7^ 


H 


rn 


rn 






rn 















<N ^ 00 9^ ^ 9t 
O 00 v£) rs| (N 



00 (7^ o in in (N 
in X o ^ ,co in 
o X r* <N r* n 



00 n n in r» n 

CO O C7> 9 (N 
CT» 9 rn 00 9 



> a> O fNI r- 

> X in 9 o 

> fM (N X so C7> 

' rn in 9 in in 



C7> (N m so r* r» . 
<t) in o 

« * * 

r- O r- 



» n in vol 

O rn O (7^ X\ 

(N m vo rn in 



X 


9 r» r» 


9 


a» *o «o <N 


r» 


n f*) o 


O 


n in 9 ^ in 


so 


a* <N in 


in 


in <N n X in 


* 


* * 


* 


* * * * « 


SO 




o 


in <N n p* 


fM 




fM 




9 


<N so so 


X 


o >o O O fM 






rn 


C7> 9 r» fM 


O 


in in (TV 


9 


o X X r» at 




* * * 


* 


* « * * « 




sO C7» 




r" 00 X sO rn 


rn 




in 


^ ^ ^ 




O rn X 


so 


VO 9 sO 9 sO 



O' r»fMr»vor»o^ 09^r*>(No<N^9 

fncjvvox m CT> p>»vo^^'n9in 

J ^ ^. 

I 



o 9 in 
at 



I — -r- -r- I yi 

r» <N <N r* 9 9 



X 
9^ 
so 

9 



O 
O 




fM o 
* * * 

fM O CM 



X at at 
9 at rn 
in 9 vo 
* % * 
vA ^ VO 

r- r- ,0 



in \o r» 
rn o r» 
o fM 



^ 9 S 

o at o 



9 VO r» r» 
^ o r* ^ » 



n ^ in ^ 9 



so o at o X 

fM <N a- X 9 
^ VO fM 9 rn 
* * * » % 

X in at r* r* 

VO <N 9 rn 



n 9 



9 X O vO X ^ 

p* n n in r» X at 
at 'n X (** 9 



so O 9 in ^ fM so 

n 9 X n in r» 
r9 in o in «- 



o r»^fMatfninf^ 

in ooop^r»9 

00 rnr»'Na»<Nr»r» 

« ******* 

w at|V9in9inrn 

9 ^ ^ rn 9 ^ 



<N rn^ o rn r» 

fM O X n 9 9 

sO vO fM 9 9 9 

***** » 

in ^ N ^ n n 



fM, X fM so *- in 
r*' in in 30 o 
^ o 9 at 9 fM 



9' 91,9 '<N fM ^ < 
^ ^ 1© rn 
fM in lot 9 ^ 



at ^ fM 9 o -o o 
in at r» fM fM at o 
^ fn w en ^ 



rnmm in in nfMfn r» 



X n p* 

§0 rn 
X 

* * * 

o in X 
r- n 



4 \0 ^ CO YN atr»9r-oat< 
•t9rnoin-, In rn r»i,^ vo 9 9 r 
1 ^ m 10 C7> * tJ so in V f*. r* 



00 at f*. X 



' 9 f- 9 01 



3> 


at r» n 


vo 


at r- 9 


at 




0 at 


in 


at ov in in vo 


0 


at 


at 0 at 


fry 


0 vo vo rn in 


r» 


* 


* * % 




* * * * % 




rt| 


a> at 9 


sO 


9 r» p» m 




in 


fM r- 


VO 


fM r- 





vo 00 r» in in fM 
X X in fn so 
in vo at X at fM 
****** 

t*) so 9 CO 



rn 


at 9 0 


rn 


9 rn 0 in 


fM 


X 


9 <7t 9 


0 


vo X in X <N 




X 


at 




fM vo 9 ^ in 


at 


* 


* * * 




****** 




0 


0 r» fM 


in 


vo fM fx r» 


in 


rn 


9 rn 


r» 


in ^ r» at 




in 




9 




CM 



O 
H 



O 
H 



H 

V) 



M 



O • 

O • 

H • 

H • 

O • 



U B 



</) eg • 

H X Q 

H H X 

M as 

V) m ^ 
On vi 

X E H H 
U X 

•4 X M O 

V) ax 

(0 3i 0 Cd 

•< IM X M 

X X > 



u 

H 



Q 
Q 



M 

•} « ^ 

01 M 
M O IH 
X V) 
X 

9 X X 

M M 0>)> 



S 

u 



H 
M 



at 



9X«090in*"r»*" 
ja>fMinatatatr»voin 
fnfM^^^atfMoxn 
****** 
in so r*" ^ 9 ^ 





X fM 


so 




vO 


rn X 


9 




SO 


fM,9 


at 


0 




* 




* 


fM 






fM 



o^atr*atoinn^ 
fMfMin9fMn^^*o 
'*^inatinfMinvo99 
********* 
^90so*ofMr»at9 
^ 9 fM 9 in 



in t* at o vo in 'i* c 
^ ' ^ n ^ ^ r* W < 



rn 

at 
at 
* 

rn 
rn 



• at o VO in ' r» at VO fM 
) rn ^ ^ 04 a> at 
X in ^ CM 
^^^^ 



fMcftnofMOnx^ 
atr»r*Sa>nr»r»^ 

rn*-inN9090 



r»ovo^^^atr*^ 
fMinnin»atfMr»at 
atinatin^r»^in 



fMp>.9fMatr*x in 
9 P* P* at p. «- 



X o r* in o ^ 
X r* in VO o fM 
in fn in in n r* X 
* * ^ * f * * * 
fM ^ 9 in X VO vo 
m fn in vo ^ 



fM \o in at n 



Xinvoosoator»9 
'nin9Xvoxnr»n 
9fnatfn'0'nx'"O 
****** ** 

^nvOX9vO so fM 



Oa>LnfMrnr»rnrn9 

vOXfM09:**-0*- 
rH9fMvOXX*-00 
********* 

inatf-ooat^inr* 
fM in r* r* n 



• • • • • 






















X 




• • « • H H 




• • • • • 






• •••00 




• • • * z 


X 




• «< • • kd i£ 


U 


</>•»• H 


M 




• H H •< 


H 


H • V) 


U 




* Q m i£ Q tli 


H 


0 X (3 • z 






</> to 0 </) 


X 


X i4 H f • 0 


X 




<4 M 0 X X 


<< 


H H acj 0 0 


H 


•4 V) X (/) 01 H H 




Q U H </> 


01 « 


X 


X X (/) X x s 


H 


-J X H X H 


0 


0 


< H H M 0 0 


<4 


H »^ X 0 X 


X 


H 


X X X X 












X 




H 






H 




w 










M 






0 




X 









• << 






• H 






• n 






• X 






• 0 






• i-i 






• 0 




. • < i< 


• 0 




• •XX 






• • H H 


• »i 




• • ►J ►J 


• 0 




• boo 






• • a X 


M H 




• a ^ << 



X u << << n u u I 



I Q t 

I H O • 

I M Ol I 

[O O < 

I l>4 O 1 



I X SB 

x a 

O o 

X V) 



• O 
I •< X 

P H H 

K > 

H 

O H 

X {/) 

H M 

► X 



vo X at vo X, 

\o X at r» in , 

^ o "1 fn fn 

«^fM •^•^ 



fM so o n 
jn X X 
9 r» r» 



at in r* 
in r» X 
r» o X vtf 



9 0 


r» 


VO ^ 0 0 


0 


n 9 


at 9 


9 VO 




X fn at ^ 




at 


9tn 


rn 


X 


at in ^ ^ 


rn 


in 


fM ;» 








* 




« • 




9 


rn 


9 




rn 



9 


fM fM ^ at 


rn 


fM fM in 9 


fM 


in ^ fM rn 




X 0 in r» 


fM 


r» X 0 VO 


fM 


VO 0 9 0 


* 


* * * * 






'sO 


X 0 in ^ 


9 


r» in 0 *- 


sO 


^ fM 




fM 












n VO 9 


in 


r» r» 9 


\ 


VO r» at fM 




9 fM 






sO 


at 9 fM 












I 


9 


\ - 


rn 


o»*" at fn 


in 


n n in 9 




fM 0 X 0 


0 


n n in X 


at 


rn ^ ^ 


rn 


at 0 in 








* * 






0 


<M sO 



<M *o 9 rn 

X at VO ^ 

J o \o at in 



o o X 9 
in at at r* 
r» ^ ^ VO 

fM ^ ^ fM 



at (n fn 

fM X **> » 

rn in f*. fM 



VO X sO fM 

X at in in 
9 r» at 9 



rn 


r» vo in ini 


0 


r» 


in r» in X 


in 


0 


rn r* 0 9 


9 




* * * * 




9 


VO r* at ^ 


04 


(TV 


CM ^ ^ n 


0 






CM 




• J • * 


































i-l 




*4 


<< 




«< 


X 


• • H • 


X 


H 


• • o< '• 


H 


X 


• • o< (a 


X 


M 


• >H H M 


M 


U 


<< 0) (/) 


U 




X U </) </) 




X 


.<< X H M 


X 


H 


X H </) X 


H 


0 


<4 X </) X 


0 


0 


i-l M H M 


0 


</) 


<< M X H 


</) 


H 




H 


(/) 




(/) 



• ^ X I 

9 so f" 

«' * 

^ S f 



> >-ro 
I K <n 

I O M M 

I i-i a^i 



39 



84 



o» o» 

»0 ^ «N 



«n »n (N 
» «n 



«n r» <n 
<^ 3^ «N 



;0 «N *- O 

iir> ^ o 

O >0 9^ >0 





* r» r» 




yO yO <A 


o 


r» 


<n <n o 


o 


tn 9 tn 


(N 


yO 


o» (N »n 


tn 


,«n c* <^ » «n 


O 












"O 




q» 












• 






(N ^ >0 




O %0 O O (N 




o» 


o« m >o 




sr r» (N 




o 


tn tn o« 




o<D CO r» o» 


SO 


* 


« * * 


* 


* * * * » 


* 




>o o« ^ 




CO do >o <n 




<n 




tn 







r» «N P«» vO P«» O r- 
^ ^ ^ CO ^ 

af in 



9 03 O >0 CO 

P» m <^ iD P» 00 CT^ 

o% ® 9 





o <n ® 




o 


f- r» 




o 




in 




« » » 




m 


o CM 


in 









>0 9 9 

9 >o <N r* r» 
o 9 

fn «n 9 



fp IP o Vf» 



p- ^ m 9 m 
r» <N <N r» 9 9 r» 



^ 9.®>090in*-r«»*- 
in <*>(N»-*-<^<NO®m 
r» in r» '9 



®99r*a5inif90 
<*>9®(N<*>inin9»o 



3® <N *o 
\ ® 9 



^ r* ffl ® 
o 9 p* r* 



CO 



^ 9 OS ^ O 

o OS in 

»^ O <^ <^ 

« * « « « 

<N r- ^ 



^ O O 
® as r- 
OS 



C7S iD r» r» 
in <*> r» ® 
r» o CO 



O OS OS 


o 


vo o OS r« 0) 


o 


9 OS <n 




(N ^ 9 CD 9 


in 


in 9 >o 




^ >o f< 9 <^ 




» » » 




» » » » » 




in >o 




no in OS r» r» 




,o 




(N 9 fn-^ 






p^ 







fy OS fn in n 
o o o o r» 9 
m r» -N o* <Vr» r» 

in m 



vo r* K 
O 

CN P* > 



yO (A 
OO 9 

in 



PM OS 

^ o on 

9 «N 



_ in ^ 

* OS « 

»n 



o* f* ;» in 9 



in >o 
<*> o ^ 

O PM 



PM OS <n 



PM OS O in 
(N O CO m 9 

>o >o rM 9 9 
in N m 



OS 




PM 


O rM ^ in 




^ 5 s 


r«» 


in in 9 o r» 


o 


O OS O 




O 9 OS 9 PM 




« « « 




♦ » » % 




in in 


in 


in <n PM <*i 


PM 




PM 






• *n r* 


o 


PM ^ ^ *- CO 




o o <*> 


<n 


OS 9 m o in 


o 


OS m 0) 




in ^ ® OS 




« « « 




« « « « « 


in 


o in CO 


in 


CD OS r» ® *- 


>o 




*n 




OS 


9% r» 


yO 


OS 9 




O OS 


in. 


OS OS in in >o 


•V 


0» O OS 




o >o >o a> 




« « « 




» » » » » 


PM 


OS 3T 


>o 


9 r» r» «n 


in 


PM 




PM 



9 9 9 rM PM •^O 

OS OS 1^ i*> 'fn 

PM U^ps 9 



OS »- PM-9 O >0 O 

in OS r» PM <N OS o 
^ ^ ^ ^ rn 



©•"osr*»osoinpn#"* 

'*>inosinrMin%o99 
*«\*****» 

O ^ >0 PM r«> OS 9 

9 PM 9 «n 



in ^oso^cor*»os*oPM 

inf*>»-*-r»»PMosos 
o CD in fn PM f**. 



» » » 

' 9 PM 



OS PMr»9(^osr»a> 
o ^r^r^'N^osr* 
r» inopv'*>»-PMin 



OKN OS 
PM m 
r- :0 o >o 
* % * * 

® o in 

PM 



fn \0 ^ 9 



PM 



<NC0<*>OPMO<*>a)*- 

osr*»r*»r*»os<*>r*»r*»#" 

'*>»-inN9090 



<*> ^ O OS <n 

*, rM o ® o 



in t-i r- 



► 9 ® 



fNi<n'*»in90spMr*»os in 

osinosin*-r*>9in (v* 

« » « % ^ % % 

PM %o in OS m 9 9 



Oin\oo%oosor«>9 pm 
'nin9®%o®fnr*»<n 

*9'*)0s'^f*)rna*~0 O 

•-m»offl9\o \OPM r* 



CM ^ 9 i*> 
® OS ^ ^ 

o ^ OS in 



o o o 
in OS OS I 



o 


m 9 OS 9 


PM 




^ 9 in 


PM 


<*> 


in PM 9 


i-n 








9 


<*> 


in 


<n 


(N (N iD 9 


9 




CO O iD r» 


o 


PM 


^ O 9 O 


OS 








» 9 


r»^in o 


P^ 




PM 










in 


r» t> r» 9 


in 




9 PM <n 


9 




iffs 9 1^ 


PM 








9 


• ' m 


9 


in 


<n fn in 9 


O 


o 


m fn in ® 


9 




<js O vTJ r» 


in 


* 


> « % 




o 


PM >0 


in 








yO 




9 


33 


PM S 9 


in 




in r»» PM 












fM ® 


0) 


(N 




PM 


PM 


>o Oi >o fH 




OS 


o OS in in 


r* 


yO 


^ r»» OS 9 


in 




« * % 






(N CO 


r» 


M 




* PM 



or*900»-Otf> 
r» >o / ■ PM in 
in <*> 00 



•-•-»(nin<ncor«» 
0«-^«-inr<M90 

osr»»»ovn<*>o<90j 



ininPM®in»09r»» 

Q 9 CO r» iD 

r»» 9 ^ 

PM 



oos»oo<n<no''*^ 
pMO*-®*-<nina) 
r«>oinosos90^ 
«««««»^« 

i^lD 9 m ® fN 
PM r- 



»- <n r 
o < 

(N 9 



»OPM^*-PM*-9PM 

•-•-©PM/^'noto 

CO O <N CDVt O >fl 9 



o r» in ^ sO 
o <D r«» \0 
9 m 



o o *" in o >o 

» PM O O 

9 r»» 9 PM O 



o in OS r*<> >o 

'N 3) fn O) 



O O 9 

CO in r«> >o OS o 

r» o 9 jr» H 

« « « « « J 

9 9 <0 O OS 9 

r»» .'OS a 

PM »- 



PM ^ ® ^ 

o in ^ 
r»» 9 'J 



r*» ® in 
9 r»» m in <N 

m ffl ffl 



rM-M*" «T in9>o»nos 



- fn r»» rs» 



minco»-9ipoco 




9 « OS O <N 


03 


•-•-os*-*-pM*-^flr 


>o 


O <*> O i/> 9 


PM 


9inpMr»»9*-r»»in 


o 


OS Of («> in (N 


O 


« « « « « « 




% « « « « 




O OS w 




9 O <N in 


PM 






in 




inp*990S0s*~9 


} 


r» >o in r» 


9 


co*-ospMr*»inr»»9 




9 o >o in f*- 


OS 


O 'N nn iD PM PM in 




9 <n 




* « « * « 




« « « « 




PM OS n» \o 


9 








*n 


• 9 





\tn(^ 




OS 9 O 


<n 


9 <n o in» 


PM 






9 OS 9 


o 


>0 CO in 3) 'N 

'N >oW m 




D OS PM 




»- r» OS 




0* 


« « % 


« 


« « » 




« » » % % 






O 


o r» PM 


in 


»- vp (N r» r» 
''WJ ^ r» OS 


in 






in 9 m 








in 


fn 


9 




PM 



® o N in o 
o r» in >o o 'N 
in in in in fn r» CD 

in PM**9ino>o>o 
^ m jp >o 



I Q 



) O 



u 

M 
H 



Q 
Q 



(O M ^ 
01 « >4 
M O 1^ 

n >* V) 



M H M O 

m 91 ou , s 

to 



M 

O K 



•4 Q 



X o 

U M 



M M C O 3i 



>4 

m 

H 

Id 

U 

, 

H 
at 
O 



H 



OosiniNmt*^fn(n9 

>0 O (M O 9 9 JT O 
r» 9 IN sft O) floCA o o 

in<7s*-ooos**inr* 
PM r» i/>r» r» m 



• o 

• a 

• u 



o o 

H M <4 ^ ^ 

O Qi K Q Q 

/ CO CO O CO 

&3 o oa a 

(0 S CO 01 H H 
» » 31 Vj O ■! 3i^« 
O <« M M M O O'S 
M ^ C » S (0 



1° 

M H 

U 

M Q 
at M M 
<4 H ■* 

»4 CO O 
M M .4 

Q a Ik 



M i« 

O ►J 

ea »^ 

O 01 

M •< 



> O O 



a oa 

H H 

a»d 
O O 
m CO 



K > 

M 

O H 
« CO 



H 

O 

1 o 

tn 





r*» \o in in 


o 


r* 


in ro in o 


in 


o 


^ O 9 


9 








9 


vo r^-ps 


N 


OS 


PM ^ rn 


O 










♦ . ... 














« 








1.4 








• • «» • 


< 




• • M. • 


m 


H 


• • cw • 


H 




• • 0< Id 




M 


• »-i M M 




U 


<4 t£ eo CO 


u 




B U CO CO 




ta 


<« 3 M »9 


a 


H 


n H CO H 


H 


O 


a» CO s 


O 


o 


»4 IdVi M 


o 


w. 


M B H 


CO 


H 






CO 




« 


<4 




M 


M 




at 









9 sfl fn ^ 



'CO M 
S CO 



01 o 



•-r»r»90**-^(33 

9 *NOsPMin9^0P*» 

o mosr»»o9r|o»o 



K • 

o • 

a CO 

»4 M 
H Id 

O H 



OS 


o >o Cf^ 4) >o 


o 


>0 O tf» vO 




lO 0> o r*<> in 








>0 O >0 9 OS 


PM 


CO <N rf \0 


*n 





• o 



• O 



0 A O ^ Q K • 

M (J a H X 

M »4 •< X 01 i4 

01 O Q O Id M |H 

MsU M «3 a» » 3 



O 

e 





















• • 










































a 










• o 




• 


• H 









u 



O M ^ 

CO M a 

<4 >4 qpr Id (O 

a' «< <i« « ^ 
<4 u a o 3 



0' 



39 



R5 



V 



a u 

at) tl 

S M 

o u 



• * 














• 




























< u 












M X 












U M 












O M 




































1 












•J • 


o 


• 9 








* o 
























u o 












>* o 












CO 




















































O 


** 
















b) U 




in 








h. X 


* 


* 








M M 






•• 




aj 


i-J M 




"M 


as M 






u 


a» 




r 3 u 












* H * 




so 








M U) 




M 








O M * 




U 


1 


o 




Z U 




C/) 






w w 






b) u 










*« 


S M 


* 


* 


M ft* 




o 


H H 












< < 


















a a 














C/i 


























** 


1 


o 










X *4 












O < 






*3 >« 






OS H 


* 


* 


Of 


O 




M X 


in 




— fS 


33 




M 






S « 


H ' 






*" 




U VI 






M 








X 












M 










O M ^ 








<M 


tn ' 








< M 












U U 








< 




M X 




* 


M O 




• 








H 












S O 


o 












Q 










































* o 


o 








1 X 


. o 










M M 


o 


o 




















X M 






U Vi 








' o 




. M ea 












S b) 












Of*^ 












<^ M 
























a o 








* PM 




o 










'n 


M U 












O M 












•4 








3> 


in 


3J 








r* 




• & 












a» 










^ 



I o o o </i 



r* O » » ; 

O r* (N ; 

r* ® »n r- * 
* ^ * 



ino » 

«N <N W 

ff» in r* 



9« r» 
9« o 9 



sD r* ^ in «N 
ff» » » in in 
«N «N *cin 



^ in o CO 
«N «N in »c 
r* ® ^ r* 



ff» O ff^ o o ^ 
«N ff» lA sO ''^ 
^ * <7> <N «A 



in 00 » in 



>o (N in in 
\£> r* in *- 
*o ;» ^ 



in » «N 
o >o in 9 
^ ^ ^ ^ 



9^ ^ in 9 (N 
o «- (N tn r* 

CT» o f*" CO ^ 

in 




iTk 0\<^ «^ ® (N ^ 

/■'^ in o 



r 



o o «N in -M 
^ o ^ fM r* 
o N in <p tN » 

o ^ »•>!•- in 



(M o >o 9 in 
r* <N » 



r* 














r* 




CT» f- 


in 


«N 


o 




9 CO 








^ o 






CT» » ^ 


^ r* » 


m 










CT» in 




to 9 • 


rn 




>c CT» 


«c r* >o 


r* 




















r» r> a 


* * * 






PM 


o 






0^ 




9 




in rn 


r* 








in 


f- (M 


3 








f» 







o 

in 9( >o* 
^ rvj 



» ® « 
r* r* >o o 
^ a «N r* 3 



fM r»» in ' 
in o « 
OS r* ® ( 



in r* 9 

^ r-i 

* * » » 

r- •> in 9 



»- to j» j» ffs r* 

X P^ ON o 

tn fM fM ® r* fM 



("^ \0 f" >^ 
O '•^ 9 C< OD » 
r*- 9 » »A 



^ o o >o in o 
^ ^ ^ in ^ o 

9 3^ iTt « ® 



9 in <o 

ffN fM 



® -M f- in* 
o a r» -M in 
f- ^ ^ ff» r* 



O) p* 

^ ^ ^ ^ 

'n r* -M 3 f». , 



r* 9 o 



2 2^ 















» 


9 OO 


fM 


^n in r* 


» r* 






ff* »r> 9 


in 


vo r* 


fM 




•:o 


in f- 


r* 


r* 9 












» » « 






<7V 


(- ^ m 




f- 






























r* 


»n 


fM 


ffN 


r* 






in a>,r\ 




^ ON 


«» 






ff* O ff* 




ON ^ 


rn fM 


r* 




<* «M » » 




* » » 








i/>4o in 






O 9N 






"M ^ 9 




in i/> 


in » 

















» fM ff» ffl ( 

« ff» o in -M 
-M in CT» 



vo o -M r»» »o o 
9 C7» r» C7» o 
^ ^ ffN (5 in ^ 



9 m r* 9« 9« 
fM >c <7N ro o 9 >c 
in in ^ ^ ^ 



\ffN ^0 9 O r^f*" 30 

"> r* r» 'n ff* p* 
> o r* in ^ fM in 



»^ r* ccy ^ 
r* r* o o 
o CM r* in r* r* r* 





*4 




























M 

H . 


O 








<^ 






• > H A O • 




H ' 






H • H M X • 






tn 




3' • M S < • 


u 








U •(/)(/) »4 • 


M 








M • o a« (/) V • 


H 








H ^* 3! S M H 


X 








U • U X 








X 


M M a M o 




X 


./ 


< 


axe/) Q s 




o 


Q 




■ M CO A O 0$ 




M 


tt- 




o 4 M a M 






(A 




0;d a ■ M ► 


hi 


M 


M 








a 






a 


M 




at 




a 


Q 




ft} 




M 



w « t> 

03 as »4 

M O >« 

>* W 



»^ 






H 


X 




• • • X 


X 


M 


W 


• X • M 


u) 


U' 


M 


< < • W 


•P 




o 


X 13 • X 




a 


X 


4 M 9 0 


a 


H, 


M 


M a o u 


H 






Q O M (/) 


OB 


O 




» M a 




•1 




M a o » 


•g' 


* 






H 






H 


V) 






W 


< 














> • 











H H 

O O 

MhH < <^ 

O » »c oYa 

C/) (/) D (/) 

«4 M o «4 a a^ 

or) a (/) M H H* 
jKa (/) CQ d( 3 
^ M M M O O 

»c 1Q a X X (/) 



oo'-off^^Nin' 

>o 9 «0 9 9 



ar PM 0^ fM 

>o in r* ^ 9 



M *c PM t- ^ o 

PMHir^inroar* 
ff* ff» o 9 K 9 



909a^pMr-rMin^ 
CT» 9\ccor*'r*'t^9' 



®0*"PMCT»PM9 «cr» 

rn a9^>oinf»irt 
PM >c o in «~ 



OCT»^pM0>in^a0in 

PM^CT»^rnrnCT»in3 

«^r-or»PM3in'n9 

PM«0PM«-r<>9«tf 



«-Or>^PM9\0^9««~ 

in PH o a ff» o 
9 n o ff» r» 



^ PM in *o 
a 7* a 
• K o ^ a 



a opo/n 
^ a 




PM PM o r* 

o a p^ ' 
n 1^ PM- 



^ o ^ 
^ in o \C 
r» a a r» 



a o PM 
a 9 >o 
PM *n 



fM a o in r» 
k6 ^ 





>o in 


PM 


o 


o ^ 




PM o 


o 




PM v£ 




«A PM 






r>i/1 














r» 9 


o in 




*- r 


a 




in 







in c 

ON o c 

a 



PM o in 9 9 
9^ in \C in 
^ p rM 



a 9 o 
PM r» f- 
o :r o 



r*> ^ in r*> 9 in ^ 
fMv*or»o*>o*"r»»'\o 

p^fMain'^^ 
* * « « « 

t6 in \c «» 9 

a o in ^nr* 'n o 9 pm 
in\0*^O'na'n 

9 in'n^r^aao 
V » » « » « « 
9 a in in PM 



a a 9 
9 ^ »e r» 

PM PM *- 



*o in PM *- 
a ^ ^ 9^ 
^ «0 9« ^ 



PM in a 9« a 



I 










PM PM O 






in 


PM IS 




hi 




9N o tn a 




a 










ON 


PM in 


in 





^ o ^ ^ 
CM a o 

f»» 



*0 PM ON PM 

a ^ p^ ^ 
«- r* PM 



a j 

O N 





o in 


a o 9 ift o 




O ^ 




in ^ \o 


p^ 


r* 


>o o 


<T> nO CM CM ro ^ 


a 


r» PM CM in 




a in /*> r» 




PM 


r*PMinPM9a^^^ 




a ^ o pn 


o» 


r- 0» *0 








* * # « ^ * « 




» « » « 




« « « W 




in 


^n 


-M -M a o 9 >o 




9 o o» 


r< 


O ON 


ON 


PM 




9 9 in 












PM 


































• < 

• M 
















• a 
















« a 
















• a 
















• »4 
















' O 


• • • < ^ • • 














• u 


• • • X a • 4 
















« • •MM • M 
















• • • »4 »4 « K 


01 


• • M • 


6t 








• o 


• • • O O • M 


H 


• • Ot • 


H 






u 




• • • at at • u 


X 


• • Ot u 


X 


• ^ • • 




M 


M H 


• ■ Q < •« « 


u 


• M U 


M . 


CO X • 




H 


a u 


< < X U CLM M 


u 


4 t£ to 


U 


< ^ a • 




X 


< M 


O M a ^ 




a u to CO 




CO M O ■ 




^ 


X^ 


M u »4 a a M 


a 


^ O M M 


a 


X CO a CO 






H 


ca (■ H H v9 H 


H 


a (-r CO X 


H 


M ^ << 




H 


^ lA 


O O « Cii O M (/) 


a 


4 X CO X 


a 


t£ a h1 M 


X 






o 


»4 b9 M U 


o 


« O t£ M 


M 




Q a 


u a X (/) ^ » 


w 


< t£ a H 


CO 


«<*J O H 




a 
H 






H 




H 




H 

X 


O 










CO 




a 


O 










M 




o 


w 










X 




a 



ERIC 



S6. 



40 



/ 



R7 



«/> O 30 

^ in 





^ 


in 




in <o /*> 






^ o » 






* * * 






in in 




*• 







in 9 <N 
^ ^ s 



-N 'N 
3> 9 00 

«o » 
% % % 

— O 
^ 



O 3 

in 9« >o 
9« <N 



3 r> 3 

^ 'n 
» » » 

in » 



^ »^in in 

<N <N 'W.-o in * 



in ^ » ffl 
<N <N "O 
^ CD J 
* % * * * » 

in 3$ ao in m 



^ <o in 9 (N 
o <N in 
o r- 9 9 



in 



^ ^ ^ r* 

a»*- in o <iO 

^ in 3> ® 

CD 9 9> o 30 

(N J (N r- 



30 CO U 

r> p". -o o 
^ » <N ^ 



® « in 
o « r> in 
» ^ ^ r> 
* % % » 



<N ^ in 1^ r* 
*- » ^ <N ^ ^ 



'H ^ ^ ^ ^ O 
<N'nf^inp*30^* 
9\ 9\ o 9 ^ 



in^sopco'Na ^ 
sr so 

in O T- n-i 



^ ^ ® ^ ir 30 
^ o 0^ ^ r* sO 
» » * » w » « 
^ "n J iTi 
»- .*- rn -vj F- 



30 (N a* 50 <N 
O 9« O in 

N in ON 



oo*"o^^*Nin 
^ 9 9 

50 



9O9309(N«-(N 

^ 9 o Q r* r* 
f*^ r* ^ a o o 30 



<N >o o in ^ m 



•n^or»(N30inm9 

(N T- 



> O r** <N :j ^ ^ ' 

> O ® ^ O 

^-m-o-^ 



♦~ '^^r- <N 



<N 0» fM 

in r» 



^ IN in o 

^ 50 ^ OD 

r* o *^ 30 



O 00 O ^ 
vn <N ^ 05 

30 in »- 



O 30 ^ ^ 
"N ^ ^ J 

in o ff* 



o o "N o o 
J ^ ^ ON o 
^ ^ ^ o ^ ^ ^ 



'Noin^aoo'^ao 

^ in«oin<Nr^»-»- go' 



r> in <N p^ 

o» in 



— <0 30 ^ 

' 9 > « r> 
"N rsj 





(N <M o rxs 


30 




o © <N 


<N 




m r* <N 


r* 






% 














r* 


^ ^ o ^ 


30 


to 


in in o so 






r*' 30 © r* 


in 


* 


* 


* 






(N 










® O <N 


sO 


o 


^ ® » «o 


• jn 




<N in 


0) 


* 


* 


* 
















^ in <N * 


O 


sO 


<N O O 


a\ 




^ <N a »- 




* 


» » » » 


* 




a o in 




30 


»- in 




sO 


f** lA n6 00 


m 


<N 


o r> 




GO 


>o a r* 




* 


* 


* 










fM fM O 




in 


r> 






9N O in 30 












<N in 


in 



009009N0in 

lO m 

9 ® 



*"f^®i*^ino*"r* 

®O>O'*in'N*-50 
0^50«Oin'^^O<N 



in^<N®ina co'r^ 



o >o o*-*^ o 
f*inin<7Nffva®«^, 
^'^ina^'^r^fsj 



O O ^ ^ fM 



D^'NOQLinOiOa 



30 


o in ® » 




P- 


<A o 1^ ^ 




sO 


o in r- 


















o 'O in p^ o 






<^ » o ^ 






»- rvj ^ 






» * » » » 




in 


^ 9 rry 9 ^ 




rM 














G 9 ^ r- 




>o 


in flo ® 


(N 


o 


w- r> 










^ 






CO 


o » « in 




sO 


in o >o ^ in 




sO 


a a <N 


«N 




^ « « « « » 




<N 


9 9 -tti ^ a 






- m ^ a 




fM 








<N 3.30 a <n < 


9" 




iA CD 


















in 





r> o ® (N 
o a <>J «v 

<N O « « 
» » » » « 

in >o in ^ 





QD in 10 


r» 


eo ^ pH o 




sO 


o 


^ ^ in 




^ <N *N 


sO 


r> » r> 




« « » 




» » » » % 


in 


<N «0 ^ 


in 


>o >o r> o 












sO 9 0} 




in in r> 30 




ff» in » 


in 


«o r> <N ,o 




»n r- T- 




a » 








» » » » % 




in 


fM 


^ ^ <X> 9 






in 






in*<^-- 




ON r> 



«n CO 

ON O ON 



m 30 m 

<N NO 9 



<«> 9\ 9 r> 

ON ON <N 



• O ON 

• in a> 



« ON ON «o 

<N ON r> ® a 
in in ON \o 



ON o » o 30 
ON 

in o in <N in 



9 9 ^ 



r^oinr^aONin'^ON 
ON ON <N ® in a 



30Oin'nr>'^o»<N 
inooNO'^W'H 
» in'^*^r>30®o 
* * * * * * » 

a 00 ^ in in <N 



r- a> ^ 
r* o 

o <N in 



o p^ 
no o in 



o in ® o 

O O \0 (N 

r> <N in N a 



* m o 

*N r> o 

50 ON ON 

O 9 sD 

in 





o in <N 




ON O 'O 


O 




CD P» O ON 




IN 0) O 


in 


O 


lO O On nO 


o 


fn r> 


03 












1^ 






IN ^ 












IN 










<N 


f«l ON 9 


ON 


O IN ON IN 


r» 




i/]^ 30 On O 




^ \0 


9 








9 ^ r> 


in 




* * * » 




» i » 






(N 


o 


IN sO 








IN 




IN 




jD 9 o 




in 






<N IN in 




© in 'n 


*r 




® ^ O '^l 


ON 


ON lO ^ 


sO 




» » ^ * 




k * * * 


ft 




« r> o\ IN 


IN 


O ^ ON 


ON 




<N 


NO 


• ^ <N 


NO 

















»4 




»4 




• • ^ 






< 




• • M 


X 


• • • • • 


0) 


u 


X • X 


H 




H 


M 


M • >< 


X 


• • • • X 


X 


H 


M ^ 


M 


• 9C • M 


ui 


m 


m Si ^ 


U\ 


M < • cn 


u 




m o >* 




O X cJ • X 




n >* vi 


33 


X ^ M • O 


33 






H 


M M 33 C7 U 


H 




3 3 X 


X 


^ O U M cn 


M 




M M M 


O 


^ X M 33 M 


o 




X X Cb 


X 


KM n o a 


X 










O 




H 




H 










cn 




















X 



H 
O 

^ M 
< X 
XXX 
O ^ M 
M M 13 



• H H 

• O O 

M < < ^ 

Of K O O 

O ^ 33 X 
CO M H H 
C/) <D X » 
M M O O 
C » X 



• O 

• O 



iX U < < X 
^ M O M ^ 
X X M U 

^ H n a» •« 

•J V) O O X 
M i-r »4 M ^ 
Q Q n 



» o o 

» M X 
^ *< ^ M 
U U M M 
XV 

at 39 M 

H H W H 

X » M V) 

O 6 M M 

X 6) ^ X 



H 

a 
o 



H 
X 



O 
H 



>»• M M 



« o V) 
^ a M 

CD H c/) 



*4 M M M 
< « H H 



H 

X 

M 

U 

33 
H 

O 



M O 



03 

M 

O H 



fn ® ^,r* «o o 
9 iNiNr^ ^•-.Oin 



in*n9»0N50O9 
309CN»Nr^iniN^ 
o "O in in "N ao in 



r*cor^90NOso® 
iN'niNin*r^or^ 
f^f^r^\09^fn^ 

O^OO <oor^iO 
in r- 



» o 



» X ^ M • « 

O.Mo^on •M 

N O 33 H >< 33 «J 
M V4 < X ^ O 

MOOOMMHX 

^UMnxxox 



o 



O IN ON ON 

CO <o o in r> <n 

ON <0 IN o 



9 'n IN in 



O 
H 

^ O M X a 

K m H O M 
W M ^ W 33 
^ ^ X M V) 
»4 ^ ^ M ^ 
^ U 33 O X 



U 
fib 



IN 



9 








p^ in 


9 




« o NO in 


ON 


in 


9 ^ o ^ 






* * * » 






(N IN ^ r> 






IN 




o 


o in ON in 


IN 




>0 'N in IN 


03 




in 9 00 o 






* « % « « 




in 


sO 30 sO 9 ON 




IN 


P> IN ^ 




9 


IN 





33 
H 
O 



erIc 



40 



R7 



M CO 



Q ^ 

OS M 
H 

M CO 
01 

X « 

» w 

IM N 

O ^ 

X O 

o u 

M 

5 X 

■o ^ 

M 

«a V) 
HI tq 

W M 
M H 
O M 

to 
U oa 

M M 
s > 

it: 

M H 



en u 



S M 







fM 




r» 


9 


IT 


a* 


o 


in (N (N 


o 


O 










5 3 
















qi U 




















•"^ 


Ml 








































^ »^ 


































o u 
























w 
























w 


fM 


IT 




o 


00 




a* 




r- ^ ^ 


fM 9 


tn 


*J M 


«0 


O 


tn r» 


«n r» »o 






<N 




»o <N 






«< U 














^ 9 tn 


IT 








M X 


* 


% 


* 








* * * 


* 


* 






U M 














(N » r» 










O M 

























1 




tn 






r» 


» *n 




o 


o 






= »M 


* 


* 


* 


u o 








» o 


fM 






to 








au 








to 


0» 


00 


O sO 


u 




»n 


00 00 


w u 


» 


o 


m 


ft* X 








M M 


O 






^ M 


QD 






u 


tn 







O ^ ^ *n 
^ V rM ^ r» 



f* oo ^ o * 



p' n 9 
(N *n (N 



1 




o 


X ^ 






o < 




r» 


06 H 






M X 


9 


fN 


> N 




fM 















^ CO fM 

U U ^ 00 

M :« » 

CO u <J> 

>* t~t 9 

33 U 

OU CO 



MM * 



r* fM r* tn fM 

-o^- - fl» tn 



9 O >0 9 ^ O 
^ r» r» * 
o « fM »n 



00 r» 00 fM fM 
^ ^ ^ ^ o ^ 

tn ^ 



G tn 9 9 o 
9 9 G 



fM o r» o * 

^ tn 00 ^ 00^ 

fM ^ 



GO fM GO in o o 

O fM 
fM f*> 



fM 00 »n r» o fM 
tn IT o 

fM fM » 





»n r» r» 


9 


r» o »n a* 






m iC m 


<^ 


^ o ^ ^ ^ 


00 




CD O w , 


tn 


^ \0 


9 




fM o tn 




a* ^ o 


fM 










fM 


fM 












9 yO 




^'O fM 


9 




CO ^ ^ 


9 


tn fM ^ 




30 


o o 




yO ^ f»» 














O 


^ >o 


fM 


** 














9 


9^ «o ^ 


00 


o a 3> o o 


O 


a* 


a* fM *o 




»n 00 (N 






o \o r» 


a» 


9 %n 
















o 


fM 


















O 00 ^ 




9 in vo o 00 




o 


9 G 


fM 


^ r> <N 




>o * 


o «o 


fM 


^9 fM 






% « % 




» » » « 






r*> ^ 


O 


fM fM 9 ^ 




a' 




fM 








tn 


9 


9 >o r*- m 9 


00 


fM 


^ 9 ^ 


O 


•n ^ 




O 


o\ r» 


>0 


ro ^ o\ ro 


r» 




« * « 










r» tn 




fM ao 


m 


9 


fM 










9 




fcO o 9 


O 




^ ^ o 




9 9 ^ tn 


O 




^ r» o 


9 


r» jj ao fM 


fM 




» » » 








o 


9 ^ r» 


ao 


« 3^ »0 « 






^ r» 10 



















> 00 fM o fM 

3^ a» 



00 O 00 fM O fM 

o ^ ^ r* »o 

fM in »n 



/ ro o 9^ «o 
r» fM «n 



ooofM^o^o^notn^o 

fM fM O fM m 
Ot 9 ^ »0 



i^njfto^nooo'^ 

9 O 00 <N • 

o fM 9 m 



tn o tn 9 tn \o 

a* a* fM ir> 
00 «o 



• fM o O 



tn 9 <n 9 ^ o *o 
^ ^ ^ 00 tn 



f- O fM fM o o 



»n ^ r» ^ O o 
^ *n r» ^ 9 

tn 00 o <o 



-•»•> r*' ^ \^ 9 00 

30 fM " 



r> 0003>.»030fM09« 

^ tn ^ 

f* 9 



00 oa-^a^r^fMaafM 
av* oo^r»^^»-ofM 
3^ zrofMr^fM^*- 

aO fM fM fM 



m otn*"r»a»>oOrf*ifM 
^ »n ^ >o ® ^ 
r» m \0 fM 

r» fM 



G9 9 9r^fnC0'f>»a^ 

aoo*'^'M<N'^r»»n 

<N| >0 * O >0 



O 9 O «0 





tn «o 9 o 




o «o ro 


00 


GO 




*n ^ 








GO 




9 9 














* 




* 


* 






fM 






fM 


00 


COO O 


r» 


o «o 9^ 


fM 


vO 


tn 


fM fM 


o 


o 






00 


^ r» 




fM 


00 
















fM 


fM 











^ ^ V- r> 



»- >0 ^ fM fM 
9 fM fM 

fM 00 



fM fM fM 

r» tn 'N 
fM ^ 





fM fM 


9 




fM r» 






a* 


fM 


o 


tn 










O fM 




O 














O ^ 








fM 






^^ 




O 


30 r» 


9 


o 


fM o 


o 


fM 


>o 
















O yO 


r*. o 






fN 






fM fM 


O 



>o tn tn 
tn 

tn tn 



o 




• • 




















• o •••<«<<•• 










It" 




• • 


CO u) • • 


















• U • • •xx •<< 














* • 


H o: o • 




• • < 


< 






< 


< •< 




• •,*MM*M 


< 












H • 


H M X • 




* • • M 


a: 






OS 


H H 




• • • , ^ 


« 


• . M • 






CO 




9 • 


M 33 •< • 


U 


>• • X 


H 






H 


O O 




• O • • 'OO •»-< 


H 


• • a« • 


H 




Ul 




u • 


CO CO ^ • 


M 


CO • < 


X 




• X 


X 


• • M • ♦ Jd Jtf 


u 


• •••aaas*o 


X 


• • a« (0 


X 


• M • • 


I-" 






9 CO • 


H 


CO id > 


u] 


CO • X 


• M 


M 


• • iri M < ^ ^ 


M 


MtH • •o<<«<oe 


(U 


• 9-* M M 


M 


CO X < • 


< 




f- • 


B tt M t- 


X 


^ O >t 


U 


M ^ < 


• CO 


U 


• • O K o o 


H 


C1U<<^XUUMM 


u 


^ Stf CO CO 


U 


< c • 


H 


O 


u • 


u •< * 






O 3B O 


• X 




• CO CO D ♦/> > 




•< M Q M X > 




r: w 




to M O • 


CO 


Z 


M CO 


33 M O 


^ 


S 


X < M 


• o 


a 


• << M O S S 


<< 


3C3|MO^XSM 


3 


<< 5 M aa 


a 


X CO 33 CO 




-« 


X Z 


CO' OS 


I-" 


X 




M M as 


o u 


H 


<< CO X CO « H ti 






H 


S H CO X 


H 


^ M < ^ 


o 


^ 


X M 


CO^ O 05 




:» 3 X 


OS 


>J o u 


M CO 




3 X X CO «23 OS 3 




•-JtoooasoB^osco 




< X to X 




9 -4 M 




,5 


O M 


^ 3} M 




«0 M (0 


O 


^ X ^ 


3* M 


o 


O ^ •-» M M O O , 




MM^M^OOMM 


o 


^ M M CO 


o 


OC o m: M 


H 


X 


u n 


B X at > 




a X a« 


X 


M x: o •» 


X 


M K n c X X (0 




ook«ox:x(o>3 




«*c « n H 


to 


< *J O H 
























X 








X 


















H 




H 








H 




9 


3 
M 
X 






a 

M 




CO 

< 

a] 






2, 




SOU 




< 

CO 




X 





ERIC 



S8 



41 



8J 



9^ - « 
I- 9 



•I 



o o 
4 9 



in 


o» o» 


o 




»- nn 








m 


% 


* * 


* 


o 


« in 




<N 












in 


o» o» 


rn 


rn 


m o 'N 






>o 9 in 


in 




» * * 


* 


9 






<N 






O 


in o^«o 


o 


Of 








(N ^ 






» * * 






^ « ^ 












in 


9 



in fN <N r- o O 



0» ^ 

\0 \0 9 

in 



r> 05 r- o 



'n o in o» 
o o» ^ 
«o in 
» » » » 

o in 





















o 







9 sO 
O) 

o r> o 
« » » » » 

\0 fM ^ 



o in 

in ^ (N -N 



0> 



O) (N 0} in o o 



<N <o in r* o "N 
in in o »- 



• « <N 'n o <N 



O CO fN O fN 

o ^ r* \o 
•~ (N in in 



o ^ in o« 9 o 0) 



o a» >o 



^o m o 9 





O <0 fN 


^ O lT) 


in 


in \o 9 o 




rn 


<N r- 


<N O <N m 


rn 






9 




so • 


a> 


















90 


in ^ 








<N 



O 9 o \o 
r* in 
»- in 



o r*> 03 
r» 



in 


G 9 U 


1 C7> O 




CO 


® O 






C7> (N 




O 0) 








fN 


in 


fN fSi 


o 


o 






o 


rn 


O <N 


iT in 










<N 


0) 


9 














» 



































or^ooo<^oo 



1^ r«| ( 

IS O 9« ^ 

^ 0) m o 

r- «- m fN 



t^i ^ \0 9 ffl 



in >o 




f>i 9 Oi O 






<N M 




in ^ 






9 


in a» 














r* 




<N 


r 
















rn 


m 




o 


in 










<N 









iT ^ in 



o^ooo^ino 

Ow * 
<N 



O O 9 ( 



o in o «D 



o O O ' 

rn rn 

in A , 



O <7> O <N fN 

o) r> in 
\0 • 



o <N o r> <N 
r> <N 



t >o o 
I in 



o» o ^ ' 

0» fN >0 

o \o 



G 9 9 ry G 
in o) fN 
o> 9 in 



■ r- (N nn O O 



OOSOOSOfNO?^ 

^ in »- 



31 ^ ff* 
fN -N 



rn 9 
<N 



oa)ooo^fNo 



o f*i o o in 



m c<4 ' 


0^ 


o © 




9 in no o V 




o 'n 


O 


9 NO O 


fN 


0» ^ r> 




NO 


NO 


0« O NO 


<N 


9 (H 


vO 






» » 4 










o» 


<jN -N 


o 


fN fN 9 «- 










<N 







in :t ^ « o NO 
'N « in 



09^9r>fN99(N 

a>'nr^^'N^o(N 

« O <N <N fN ^ 



O NO O ^ ON 

r> ON o 

<N <N ^ 



rn rn if\ 
<N vf 

o ON rf 



9 >or^ 9 

m ^ «1 -N ON 

r> ON 'N ON 



1 ^ O fN fN O O 



oin^r><7iN#o'^( 
in ^ >o 00 5* 

nn rn 7N O fN 



o 


r* »*- fM o 


rn 


o o o 






ON ON 


r* 


^ rvi 


-N 




rn 


o 


O <N fN 


O 
















on 


fN 


on 



p» in 
in ' * 



O ON o o ^ 



O 9 

00 



9 m ON 

o 



^ 3V ^ fs, o 



in ^ o on ^ 

9 9 9 \0 ro-in 

^ r» 9* 00 (N 



9 ^ r> 30 

-N T> «- 



35 9 <0 O 



in «o 3* o o 
r- m r» 9 ^ 
in o o <o ^ 



fN 


O « 9 




on 




'M 9 




ON fN <N ON 


on 


<o in in 




<2> ON © o o ^ 


fN 


O) ON 


rn 


-N 


fN on 


r> in 




r* in >n fN 


o 


in ^ ON nn 


Oi 


in 9 


<o 


fN NO 


rn 


9 


o 


>o 






in 


in on kn 




n£ 


























in 




30 


-N 


NO 




o 




0^ 


fN NO 


ON 


<o 




-N fN 




9 


fN 




fN 




on 


T ^ 







<N 
9 



' o ^ o M in 



in TN 



• 
































• • 
































• • 
































Q • 




• • < 


< 








*< 


X • 






03 








OS 


^ • 


U 


X • Z 


e» 












•H 


ca * < 


X 






• X 


X 


VJ ♦ 


H 


10 ^ > 




•A 


• X 


• M 


M 


M 


av 


a: cd ^ 


u 


M 


4 < 


• 


U 




«« 


u O X 




O 


X u 


• X 




Pi O 


^ 


to 


X 


X 


< M 


• o 


3 


a c 








M 


M CO 


o u 


H 


O 03 




31 3 X 


a: 




Q U 


M 


03 


33 M 




M 10 


O 




X M 


X M 


O 


« ► 


to 


X » CU 






M C 


o » 


X 




DDL 












H 

v> 




M 




< 


«r 






j4 
















X 



o 'n 
M o 



O O 
iC iC 

■<■«■< 

m: Q Q 

^ X X 
01 H H 

as 3 
« O O 
X X to 



O 
to 





•< • 










M • 










Xl • 










c • 










s • 










^ • 










o • 




• ^ < • • 






u • 




• X X • < 










• M t-f • M 


< 








• ^ ^ • X 


X 




o • 




• O O • M 


H 








• t» as •13 


X 








a < •< ^ cc 


u3 


« 


u < 




X u U M M 


u 


<< 


M a 




■4 X > 




X 


^ M 




-J X S M 


s 




H <• 




>- H H O K 


H 




CO O 


o 


X ce 3 OS to 


3 




M ^ 




< O O M M 


o 


a 


a h4 o 


C X to > X 


'A 



M 



> M i 
•< ^ <^ ( 

« u to t 



X 

M 

U 

X 
H 
3 

o 



H 

n/) 

:4 



to X 

to M 



O 

s to 

•< ^ 

^ w 

m: m 

O H 



X 
M 

H 
X 

a 
o 



o 

- , u 

■ o 

Ma . 

X 4 • X •< M • ; 

o o ^ o x: • I 

u m H ^ SI 

H -J < X > X •< ( 

OS O O O M *0 H i 

< U M Q X X 3 : 



^ O H X X 

au M o M 

to M < X 

< -J X 10 to 

U ^ ^ ^ ijf < 

M *c U X-O X 



3 

X 
O 



ERIC 88, 



41 



7^ 



TABLE B-19. 



PERCENT DISTRIBUTION OF R&D EXPENDITURES BY SOURCt OF FUNDS 
GROUPED BY UNIVERSITIES AND COLLEGES WITH LARGEST R&D PROGRAMS, 

FY 1973* 



(DOLLARS IN THOUS^DS) 

S 0 U R C 

^ri 



INSTITUTIONS RANKED 
BYSIZE OF R&D \ 
mENDITURES J 


TOTAL 


FEDERAL 
GOVT. 


STATE 
GOVT. 


LOCAL 
GOVT. 


TOTAL, 
ALL INSTITUTIONS, 


2,933;552 


2,044,358 


270,850 


14,386 






P E 


R C fi N T 


D 



FNDNS, 'AND 
HEALTH- AGENCIES 



131,75^ 



INDUS 



86,385 



distr'ebution 



1st 10 
1st 20 
1st 30 

1st 40 . . 

1st 50 

1st 60 
.1st 70 " 

1st 80. 

Ist 90* . 

1st 100 • 

1st 150 
.1st 200 

All Other Institutions 



23.3 

37.-8 

48.1 

56.7 

63.6 

68.9' 

73.^ 

77.5 

80. 7.. 

83.3 

92.4 

96 . 5 

y 

3.5 



25.2 
41.7 
.50.2 
58.4 
65.1 
69.8 
73.4 
77.4 
80.9 
83.5 
^2.8 
96.9 

3.1 



14.5 

18.2 

36.9 

51.6 

61.3 

66.4 

75,6 ■ 

77!8' 

80*4 

8.4 ,.6 

93.8 

96.7' 

3.3 ' 



4.9 
27.3 
31.8 
44.3 
47.5 
49.5 
50 ;0 
59.6 
66.4^ 
66.4 
78.2 
85.5 

14.5 



25.7 
43.3 
51.5 
61.5 
65.3 
68; 4 
71.2 
75.1 
7J.0 
79.3 
90.2 
94.2 

5.8 



16.0 
27.0 
4l.9 
47.7 
55.0 
62.5 
66.1 
69.8 
72.1 
75.5 
87.0 
94.7 

5.3 



ERIC 
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PERCENT DISTRIBUTION OF R&D EXPENDITURES BY SOURCE OF FUNDS 
GROUPED BY UNIVERSITIES AND COLLEGES WITH LARGEST R&D PROGRAMS, 

FY 1973 



(DOLLARS IN THOUSANDS) 
S 0 U R C'E 



FEDERAL 
GOVT> 



STATE 
GOVT. 



lo6al 

GOVT. 



fnCnS. and 
health agencies 



INDUSTRY 



INSTITUTIONS' 
OWN FUNDS 



OTHER. 



2,044,358 



270,850 



14,386' 



131,757 



86,385 



317,396 



P E R C E'-N T 



DISTRIBUTION 



.3 


- 25.2 


14.5 


. 4.9 


25.7 
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41.7 
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27.3 
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36.9 
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. 4L.9 
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59.6 


75.1 


69.8 


82. 
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66.4 
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84 .-2 


► 3 


' 83.5 


84.6 


66.4 


79.3 


75.5 
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.4 


92.8 


93.8 


78.2 


90.2 


87.0 


91.8 


.5 


96.9 


96.7 


85.5 


94.2 


94.7 


96.1 


15 


3.1. 


3.3 


14.5 


. '5.8- 


5.3 


3.9 



68,420 



& 



21.1 
■ 38.4 
46.1 
51.3 
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62.8 
,67.8 
75.6 
80. A- 
84.3 
93.0 
95.8" 
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TABLE B-20. 



■3 



PERCENT DISTRIBUTION OF R&D EXPENDITURES BY FIELD OF SCIENCE 
GROUPED BY UNIVERSITIES AND COI^LEGES WITH LARGEST R&p PROGRAMS, 

FY 1973 



(DOLLARS IN THOUSANDS) 
FIELD 



INSTITUTIONS RANKED 
BY SIZE OF R&D- 
EXPENDITURES 


TOTAL 


ENGINEERING ' 


PHYSICAL 


ENVIRONMENTAL 


MATHEMATICS- 


LIFE 




TOTAL, ■ 
ALL INSTITUTIONS 


2,933,552 


384,452 


. 340,954 


200,376 • 


74,683 


i, 517, 994 





PERCENT' DISTRIBUTION 



1st 10 ^ 
1st 20 
1st 30 
1st 40 
1st 50 ' 
1st 60 
1st 70 • 
1st 80 
1st 90 
1st 100 
1st 150 
1st 200 

All Other Institutions 



23.3 

37;8 

48.1 

56*7 

63.6 

^8.9' 

73.5 

77.5 

80.7 

83.3 

92.4 

96.5 

3.5 ' 



33.9 


26,1 


'■ 32,6 


28.9 


17.9- 


42.1 


- 40.3 


43,7 


44.4 


34.9 


52.6 . 


49,6 


51.9 


^ 50.4 


45.8 


58.3 


54,2 ■ 


59,2 . 


57.2 


56.5 


65.6 


63,1 


, 68.2' 


64.5 


62.7 


69.8 


70,3 


■ 73,0 


71.3 


68.5 


73*2 


72,5 


80,5 . 


74.4 


74.0 


78a 


76.0 


61,6 - 


78.^ 


78. S 


80.9 


79, p 


, 8^,1 


83.4 


81.8 


82.7 


80,4 


85,5 


84.9 , 


85;2 . 


92.5 


88,4 


91,9' 


92.5 


95.1' 


97.5 


' 94,6 , 


95,0 


: 96.1 


98.1 


2.5 . ' 


5,4" 


' 5,-0, 


3.9 


1.9^ 
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PERCENT DISTRIB.UTION OT R&D EXPENDITURES BY FIELD 0"^ SCIENCE 
GROUPED BY UNIVERSITIES AND -COLLEGES WITH LARGEST R&D PROGRAMS, 

FY '1973* 



(DOLLARS tN THOUSANDS) 
•FIELD 



IL 


'engineering 


PHYSICAL 


ENVIRONMENTAL 


MATHEMATICS 


LIFE^ 


PSYCHOLOGY 


SOCIAL 


OTHER 


^,'552 


384,452 


340,954 


s 

200,376 


74,683 


1,517,994 


74,376 


235,607 ^ 


105,110 



PERCENT DISTRIBUTION 
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33.9' 


26.1 


3^2.6 


28.9 


17.9 


21.5 
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8 


42.1 


40.3 


' 43.7 
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34.9 


37.8 
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35.9 


1 


52.^ 
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51.9 
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45.7 . 
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58.3^ ^ 
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59.5 


6 , 
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63M 


68.2 


'64.5 




'-^62.7 


- 62.1.. 


64.0. 


? 


"*.69.8^ 


, 70.3 


73,0 


71.3 


68\5 


66.2 


. 66.-2 


67.1 


5 


73.2 


72.5 


80.5 


74;4 


. 74.0 


67.4 


67. B 


73.6 


5 


78.1 


76.0 - 


81.6 


78.8 


78.3 


70.5 


72.0 . 


77.6 


7 


80.9 
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83.4 ■ <i 


81,8 


* 73.4' 


74.7^ 


. 80.5 ^ 


3 


82.7 
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.84.9 


85.2 
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A 


92.5 


88.4 


9il9 /. ^ 


92.5 


^ 95.1 
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86.2 


90.3 


5 


97.5 


94.6, 
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96.1 
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90.8 


91.6 


94.7 


5 \ 


' '2.5 
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• 3.9 V , 
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TABLE 'B-3«. 



TOTAL AND FEDEkALLT FINANCED CAPITAL EXPENDITURES FOB SCIENTIFIC AND 
bNGlNEEKlNG FACILITIES AND EQUIPMENT FOh BESfcARCH, DEVELOPHENT, AND 
INSThUCTION, BY FIELD OF SCIENCE FOR SELECTED YEARS, FY 1964-73 

(DOLLARS IN THOUSANDS) 



FIELD 



TOTAL. 



ENGINEERING.. ^ 

PHYSICAL SClFKCSS 

ENVIRON«£NTAL SCIENCES. 
IlATHtMATICAL SCIENCES.. 

LIFE SCIENCES 

PSYCHOLOGY 

SOCIAL SCIENCES 

OlhER SCIENCES, NEC... 



FEDERALLY FINANCED 



TOTAL. 



ENGXHEEttiNG 

PrilfSICAL SCIENCES 

ENVIHONMENTAL SCIENCES. 
MATHirtATICAL SCIENCES.. 

IJ^E SCIENCES 

PSLCHOLOGY 

ScSTlAL SCIENCES 



OTHEri SCIENCES^, NEC. 
OTHER SOURCES 



TOTAL, 



ENGINEERING 

PHYSICAL SCIENCES 

LNVIrfONMENTAL SCIENCE^. 
ftATHErtATICAL J^CIENCES.. 

LIFE SCIENCES.. 

PSYCHOLOGY 

SOCIAL SCIENCES 

plHEE SCIENCES, NEC. .. 



529,492 

71, 69^ 
130,700 

22,792 
231,993 
21,720 
32,588 
18,000 



134,439 

10,946 
29,701 

a/ 
4,052 

81,659 

2,121 

2,020^ 

3,940 



395,053 

60,753 
100,999 

18,740 
150,334 
19,599 
30,568 
14,060 



1966 



212,397 

25,049 
67,300 

a/ 
11,469 

90,173 

4,310 

• 7,892 

6,204 



454,600 

70,070 
115,378 
* a/ 
20,387 
186,155 
15,424 
37,036 
10,150 



1968 



1970 



666,997 


r 1 






1,070,727 , 


951,873 


1 i,o: 


95,119 


126,304 1 


132,623 


\ 1^ 


182,678 


283,811 1 


225,268 


1 1- 


a/ 1 


a/ 1 


a/ 




31,856 , 1 


55,104 1 


38,160 




276,328 1 


452f,707 1 


418,472 


1 5! 


19,734 1 


34,425 1 


22,036 


1. i 


44r,928 1 


76,217 1 


62,049 




;§,354 1 


42,159 1 


53,265 


1 1 



340,447 

39,432 
95,178 

13,676 
150,591 
10,342 
17,627 
IS, 601 



730,280 

86,872 
188,633 

a/ 
41,428 
302,116 
24,083 
58,590 
28,558 



279,316 

38,263 
63,107 

9,536 
142,718 

4,848 
10,303 
10,541 



672,557 

94,360 
162,161 

a/ 
28,624 
275,754 
17,188 
51,746 
42,724 



-/ NOT SEPARATELY AVAILABLE 



80 



TOTAL AND FEDRt<ALLT FIHANCED CAPITAL EXPENDITURES FOB SCIENTIFIC AND 
ENGlNEEaiNG FACILITIES AND EQUIPMENT FOH RESEARCH, DEVELOPMENT, AND 
INSThUCTION, BY FIELD OF SCIENCE FOR SELECTED YEAfiS FY 1964-73 

(DOLLARS IN THOUSANDS) 



1 

1 U K /i 1 
L7O** J 




1 y DO 


1 

1 1968 


529,492 j 


666,997 


1 ^ 

1 1,070,727 


71,699 { 


* 95,119 


1 126,304 




lo2 , 6/0 


] 283,811 


a/ I 


a/ 


1 a/ 


22,792 1 


31,856 


1 55,104 


231,993 1 


276,328 


1 452,707 


21,720 1 


19,734 


1 34,425 


32,588' 1 


44,928 


1 76,217 


18,000 1 


16,354 


1 42,159 


134,439 1 


212/397 


1 340,447 



10,946 
29,701 

a/ 
4,052 

81,659 

2,121 

2,020 

3,940 



395,053 

60,753 
100,999 

a/ 
18,740 

150,334 
19,599 
30,568 
14,060 



25,049 
67,300 

a/ 
117469 
90,173 
4,310 
7,892 
6,204 



454,600 

70,070 
115,378 

a/ 
20,387 

186,155 

15,424 

37,036 

10,150 



i. 



39,4 3-2 
95,178. 

a/ 

13,676 
150,591 
10,342 
17,627 
. 13,601 



730,280 

86,872 
188,633 

41,428 
302,116 
24,083 
58,590 
28,558 



1970 



951,873 

132,623 
225,268 

a/ 
38,160 

418,472 

22,036 

62,049 

53,265 



279,316 

38,263 
63;i07 

9,536 
142,718 

4,848 
10,303 
10,541 



672,557 

94,360 
162,161 

a/ 
28,624 

275,754 

17,188, 

51,746 " 

42,724 



1^72 



1973 



1,028,195 

102,266 
190,691 

31,512 
556,0 39 
23,600 
711256 
52)831 



2^0,337 

25,624 
40,902 

5,581 
160,521 

4,218 
12,393 
11,098 



767,858 

76,642 
149,789 

25,931 
395,518 
19,382 
58^863* 
41,733 



846,285 

60,108 
109,760 
27,000 
20,257 
490,760 
39,735 
61,052 
37,j613 



227,259 

15,96Q 
24,629 
5,846 
3,026 
162,177 
5,127 
5,281 
5,213 



619,026 

44,148 
85,131 
21^154 
17,231 
328,583 
34,608 
55,771 
32,400 



ERLC 
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TABLE B-35. IlTAL ANL KEDbttALLY FINAN^KU CAPITAL EXPfiHDITUaES FUR SCI ENTIFIC" A N D EN6INEEE 
FACILITIES AND EgUIt-HlNT ?0t< fxESEARCH, DEVELOPMENT, AND INSTRUCTION, BY PIELB 

SClENCk, AND TYPh OF INSTITUTION: FY 1973 



(DOLLARS IN THOUSANDS) ' 



FIELD 



TOTAL ♦ . • 



,ENbi t^? httl-Nt; 4 . . . 

PHYblCAL SCIiMCbS 

ENVIi ONttcNT'AL bCIcNCtS, 
MATHi.r ATICAL SCIENC^cS.. 

LitL scicNccs ;^ . . . 

PSYCtiOl jijY .' , 

oCCIAL SCIENCES. 

Oii\L!> SCIRNlES, NEC... 



TOTAL 



r. N C J. ^ L E I lU; 

PHYSICAL iCIENJiS 

i:SVihON«FNTAL iCIfNCES. 
ilrtTH? f'/illCAL oClFNCEo.. 

Lli-ps. SLlLMCLS 

I'S-YOhOLOGY ... 

SetCIhL bClZ^tCcS. 

OTiJlEr SlIlNlES, .JEC... 



totXl 



tSGI^EEalNG 

t'fiY^^iCAL h<.IENCb.> 

1 NVIl G^Mr-Nl hi bclENCtS. 
MATlilMAl ILAL SLllN^ES.. 

LIK-: SCIENChJ 

t SYLl Ci OGY 

SCCl. I oClENCPb 

OiliEi> 11 N'JEo, N?C. . . . 



TOTAL 



846,2831 


766,6921 


39, 


a09 


bO^C8| 


53,5b2| 




637 


io9<r)t)ui 


91,6t5l| 




150 


27,0001 


2 3,-3671 


3, 


2 77 


20,2571 


18,2331 




763 


a90^7oO| 


^66,423 1 


13, 


337 


39,73b| 


36,61^1 




538 


61 ,052| 


55,694| 


2, 


725 


37,6131 


21,1181 




982 



INSTITUTIONS GRANTING DEGREES 11 

S C IMC E_6 _^ fi NQ I N E g RI jjg 

^DOCTOR ATE_llMAStFRJ.S iMSMELORjj 



227^2591 


214,0531 


3,272} 


9,4: 


15,9o0| 


14,7561 


873} 


1i 


. 2a, 6291 


22,0781 • 


.7531 


1,6 


5,84^1 


5, 4951 


289} 




3,02b| 


^ , 6 7 J 1 


49} 


2' 


162,1771 ^ 


15^,5921 


854}. 


6,6; 


5, 1271 


4,541| 


loei ' 


41 


5,281 1 


4,9591 . 


184} 


1 


5^2131 


a, 962! 


162} 




0 19,02b| 


55,2,63^1 


1 / 

36, 137} 


c 26^2 


aa, i4o 1 


1 ' 

38,806 1 


3,7641 


2 


85,1311 


b9,603J 


11,397} 


3,1 


21, 15a| 


17,872} 


2,988} 


2 


17,2311 


15^563} 


714} 


6 


3,28,tD83| 


311,831} 


12, 483} 


3,4 


34 ,608 1 


32,073} 


1,430} 


9 


55, 7711 


50,735} 


2,5ai } 


2,1 


32,400} 


16, 156} 


820} 


15,2 











81 



^ ANC rtDtfeAlLY ?lNAhTCt:u CAPITAL EXPENDITUtiES FOP SCltKTIFIC AND ENGINEEBING 
llinS AND IgUXtHiNT FOH RESEARCH, LEVtLOPM^NT, AN D ■ JNS TR UCT ION , BY FIELD OP 
SCIENCE, AND TYPL OK INSTirUTION:^ FY 1973 
t % , y 

(DOLLARS In TH0USAN.n5) 



FIELD 



TOTAL 



1 1 NCES i 

lAl i>ClcN*.f,S\ 
[L SCIENCi:i>., 

ES ' . . 



kt.s, NEC, 



NT 

1^ 



lENCiS 

'aL oCIFNCJS, 



h C t .o • • . • • 



•bcli: NC^o, 

Sci^N^fS; ; 



VCr3< 
to. 



I 

I. 

I 
I 
I 

V . i 
I 

' I 

^ I 

10^1 
7ot I 

OOUl 

7o3| 
7Jb| ■ 
052|- 
bUl* 
. I 

. I 
2 69L 

I 

9oO| 
bis 1 
b4t I 
0261 
1771 
127f 
.28 1 1 
2 1 i I 
J 
t 

I 

1 ni 

13a I 
2Jlr 

6 jJ I 

7711 

a 0 J I 



1C9, 
27< 

37, 



227, 

A., 

5, 
3, 
1b2, 

5. 



*t3 1^, 

2,1, 
32V 



^iNSTIIUTIO^i^o GRANTING DEGREES IN 

' . SlI £NC E^i^ , I NEERI Ng_J 

pgCT'ORATE.,! MASTER'S j DACHELOH< s' 

I 

I ' 



I 

7bb,b92| 
' I 

^ 53,5b2> 
91,b8n 
23, Jt>^\' 

, 16,.:33| 

3b>61it| 
55^6 94 I 
2Ua.l8| 
* I 
. I 

- I 
2.1^,05'3|.. 

I 

aa;7b6| 
? 2 , 0 78 I 
5,4951 
e 2,6701 
■I5ii, 592| 

• 4,5411 
4,9S9|- 
4,9b2| 
I 

' I 
I 

552V'6^:^ I 

b9,bCj| 
UtH72| 
1S,Sb3| 
31 1> 83n. 
32, :73| 
50,7J5| 



39, 409| 


35,6d5j 


4 


,499 


4, b37i 


4761 


1 


,433 


12» 15C| 


'*,7824 


1 




3,277| 


3561 




0 


763 1 


9031 




358 


13,3371 ' 


( 10,126j 




874 


1, 5381 


. 1,459| 




124 


2,7251 


2, 2491 




384 


9821 


15,3341 




179 


3,2721 


9,4261 




508 



873 
7">3 
289 
49 
854 
108 
184 
162 



189 
1,634 
62 
259 
6,627 
465 
M5 
75 



3b, 137) 


2b, 2591 


- 3,99.1 


3, 764 1 


287 1 . 


1,291 


11, 397| 


3, 148| 


983 


2, 9881 


294| 


0 


714| 


. 644*1 


310 


12* 4831 


•3,4^91' 


. 77 0 


1,^3C| 


994 1 


111 


*-2,54 1| 


2, 1341 


361 


8201 


#.259 1 


165 



NO SCIENCE 
DEGREE 



TABLE B- 36. TCTAI. AND fiDtiALLY i-INANCED CAPITAa. i:XP£NL»I fUhES lOts SCIENTIFIC AtfD ENGIN&BfilW 
FACiLirXiS AND t^UlEiUNT FOT ittSLAivth, D£ V TLOr?^ ENT , AND INSlnUCTION, Bi RIELD 01 

^ Science, anc ccnthcl: 1973 



(DOLLARS IN rriOaSANDS) 



^lELD 



TOTAL I rRIVAfE J_ 
I 



TOTAL 



N G i c c IN G , 

t\ii:jiLhL. oCIENcu;^ 

.N^II CNvIl n AL oC I fcNctS 

<AI r L^-^ATlL^L SCll^NccS 

llh z bClcULhS ^ 

l'3iZi cloGY 

?CC1 .1 SCIISCbS i 



u 1 .1 c . 



f I L/ I A L 



N f', c N X 



TOTAL 



LNOli^rt.tiNJ , 

rMii,>:cAL .>Lii.NCii , 

lAIil^i-'MItrtL iCItNCcS. , 

Llf h 6CI t ^lES 

t^o MoLUtj^ I * . * . ^ , 

/#oCl/. I oCi JNC^ J 

U\hLl .>0i, ^Jcco, NIC* . . , 



TOTAL 



lu. 1 f* r L i G , , 

iMiYiuCAL t\crs 

Nv: . i^.a Ai .-ci fTc , 

1 A i 1 1 } t' K I V. A L ,> C i. r N c o , , 
u ic t ^ 1 1 r ^ - ' . . . . 

T' :^ tc t I , 

' Lv.ii\*. oCi'^CLS 

O T (t ( ;v. 1 . «C U.^ , N t V. . . . . 



TOTAL 



Jliii-OF^CONTRCL 

-£aBLiC_l^ 



1 


.22:i,2bb| 


6 1 7 , 0 V9 1 


7a 7| 




oO , 1 u8 1 


27, 1 191 


1 

3-2, 9o9 1 


236J 


31,60! 


1 39,7601 


32, ^ISi 




521 


75,42 




3 j 


21, 1071 


18| 


- 2 1,03: 


20,2b7| 


7,059| 


1 3 , 1 ^ t< 1 


191 


12,85 


7oC 1 


11^4,9361 


373, 824 1 


ia5| 


372,58 


i9,73:)| 


n,56J| 


, 20,1>2| 


^1 


19,95 


6 1 ,0^2 1 


19^75^11 


U1,2V8| 


33| 


4 0,93 


37,6131' 


2,00^1 


35,b:j| 


2a0| 


.35,10 



:^,a13 
1 032 
2,691 
1,5U7 
z9: 
2^808 
1,37o 
1.087 



1. 



I 

227, 2^91 o^i,Dt4iJ 
I 

15,9d01 
,b29 I 
b,8ub| 
3, : 26 I 
1o2, 1 77| 
. S,1z7| 
^,2811 
S213I 
I 
I 
I 

t>1'^,02(>| l!)9, 622 
I 

a4 , l4tt I 17, 10b 

5, 1 31 I 21 
il, ISah ^2C2 
1 7,231 I b,512 
328 , 7S,6a6 
34,6081 10,775 
77 1 I 1«, 3 78 
32,*4 30 I ^17 
1 ^..^ 



I 



'I 



1 

1S7;b15| 
I 

13, 197| 
M55I 
. 1,y79| 
122, 887i 
2,3191 
. 3,9051 
^,1261 
I 
I 
I 

ab9,40a I 
I 

2b,i4a2| 
t3,6a5| 
. 17,9b2| 
' t1,719| 
-^5^, 9371 
17,^5331 
37,3-^3t 
31,art3L 
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APPENDIX C 

» 

List of Fed^ally Funded 
Research and Develo pment 
Centers Administered by 
Universities and University 
Consortia^ 



DlPARlMfMOf DEIENSt 

Depcirtmenl ot the Ntwy * , 

Applied Physics L<iborcilory (johns Hopkins (jQiv'ejcsily) . 
Appliecf Physics L<iboralory (Unjversjly of VVashmglon)^ . 
( enter f«r Naval Analyses (Upiversily of Rochester) ' 
Applied Research Laboratory (Pennsylvania State Univer- 
sity) * * - , 

Department of the Air \ orce 

hnt.o{n LaburSflury (Massachusetts InNtitute of Te*.hnology) 

ATOMIC fNFRCY COMMISSION 

Ann*^ Laboratory (Iowa State University of Science and T^ch- 
noloKv) 

Aruonne" National Laboratory (Univer«.ity of Chicago and 

Ar^onne Dniversitie** Assoc lationf 
BrookhavCvn National Labcfratory (Assoc uited Universities, 

ln( ) . 

( ambridj^e fl(»(tron Accelerator* (Ht»rvard " University and 
Massa( hnsett*. fn«.tttute ot Technology) 



^All of the oruani/ations list<*d here were (iesign^\teH by the f^Jeral 
(ouncii tor Sdctuc and tochnolotiy be FJRDC's in at'ademK year 



La^srence Radiation Laboratory, Berkeley and Livermore 

(University ot California) 
Los Alamos Scientific Laboratory (University of California) 
lermi National Accelerator" Laboratory (Ijniversities Research 
Association) - . 

" Oak Ridge Associated Universities o 

Plasma Physics Laboratory (Princeton University) 

Stanford Linear Accelerator Center (Stanford Universitv) - 

NATIONAL MRONAUTICS AND SPACE ADMINISTRATION 

^et Propulsion Laboratory (Californiajnstitute of T'echnology) 
Space Radiation Effects Laboratory (College of William and 
M«irv) 

NATIONAL SCIEMCF fOUNDAflON 

( erro'TololcV Inter-American Observatory (Association of 
^ Universities fbr Research in Astronomy, Inc ) 

National Astronomy and Ionosphere Center (Cornell Univer- 
sity) ' • - . 

Kitt Peak National Observatory (Association of Universities, 
for Research in Astronomy. Inc ) 

National ( enter for Atfnosphenc Research (University Corpor- 
ation for AtmospheFu Research) 

National Radio Astronomy Observatory (Associated Univer 
silies ln( ) 
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Statistical Tables 



1 



hmTcnce Radiation laboratory Berketev and Uvermore 

fl niver^itv ot Cahtorma) • . 

Los Mamos Si K^ntitu laboratory il niversFtv^ot Cahtormaj 
U*rmi National Accelerator laboratory (Universities Research * 

Assoc lation) 
Oat Ridjie A^so( lated L nivor*sitie<« 
Plasma PKsks laboratop[ fPnnceton Lniversity) 
Stanford I mear Accelerator Center (Stagford Universitv) 

SATIONAKAfRONAL TICS AND SPAa AOMINlSTRATIpN 

let Propulsion Idboraiorv (California Institute ot Tecbnology) 
Space Radiation Utect^ labofator\ iCollefie ot VViHiarft.and 

NATIONAI SC KN( f lOUNDATION 

( erro lololo Intc^ Anr^ericaft Observatory (Asscxiation oi 

l^iversities f(;f^^^esearch in Astronomy Inc ) * 
National Astronomy and Ionosphere Center (Cornell Unrver 

Sl(\) ^ ' 

Kitt Peak National Clb<.erwatorv (Association of Universities 

tor J?e<.ear( h in Astronomy Inc ) 
National Center toi Atmospheric Re<.ear(h (UniversUv Corpor 

ation tor Atmo<«pheric Researt h) 
National Radio Astronomv Cibservatorv (Associated Univer 

srties ln( ) * ' . 



University-Adrninistered Federally 
.Funded Research and D.eveldpment 
fcenteVsCPartll) 



( 1 ( urrent RSTD expenditures m univefsitv- 
admmistered Federally funded Re<>earch and 
Development Centers by character of work 
• field of science for selected years 1^ 73 

( 2 f ederaliy financed current R&D expenditures 
^n university administered federally Funded 
Rev.earch and Development Centers by ch^ir- 
acier of work field of science fo«4 selected 
years 1%4 7^ ^ 

y( ^ (urrent R&D expenditure in university- 
administered ff RD( ^ bv character of work* 

( 4 Selected financial characteristics of <.(!ientific 
activities in university acJministered F F RDC 
197 ^ 
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Table C-1, 



CLTRRENT R&D EXPENDITURES IN UNIVERSITY-ADMINISTERED FEDERALLv' FUNDED RESE-ARCH AND DE 
CENTERS,, BY CHARACTER OF WORK, ffELD OF- SCIEN;:E, ' FOR SELECTED YEARS, FY 1964- 

\ * ' . ' (DOLLARS IN THOUSANDS^) ■ / 



CHARACTER' AND 'FIELD 



ERLC 



TOTAL 

CHARACTER OF WORK: 



BASIC RESEARCH, . , 
APPI^IED RESEARCH, 
DEVELOPMENT 



1964 



FIELD OF SCIENCE: 

ENGINEERING (TOTAL) \ 

PHYSICAL. SCIEN'CES « (TOTAL) * 

(1) ASTRONOMY 

(2) CHEMISTRY 

(3) PHYSIfS \ ; K 

(4) OTHER PHYSICAL SCIENCES NEC./"} 
ENVIRONMENTAL SCIENCES (TOTAL),?.. 
MATHEMATICAL SCIENCES (TOTAL) 

(1) MATHEMATLOS (EXCLUDING 

COMPUTER SCIENCES) 

(2) COMPUTER SCIENCES 

LIFE SCIENCES (TOTAL) * , 

<1) 3.I0L0GICAL (INCLUQES ' , 

AGRICULTURAL SCIENCES) 

(2) CLINICAL MEDICAL : i . .\ . J 

(3) OTHER LIFE SCIENCES,NEC;^ . 

PSYCHOLOt^ (TOTAL) 

SOCIAI^>SCIENCES (TOTAL) 

(1) ECONOMICS ; 

(2) POLITICAL science/ 

(3) SOCIOLOGY 

(4) OTHER SOCIAL SCIENCES, NEC... 
OTHER SCIENCES, NEC (TOTAL) 



4- 



1966 



1968 



• 62^,207 



191,027 
201,-:8OO 
236,380 



•154,704 
362,352 
24", 599 
59,458 
264,632 
13,633' 
2 a, 310 
3?, 850 

•N/A 
N/A 
37,504 

•28,528 
8,976 
N/A 
4,776- 
1,522 ■ 
N/A 
N/A 
N/A 
1,522 

' -189 



629,502 



226,547 
207,012 
i95,943 




718,930 



275,595 
^31,207 
212,128 



1970 



736,8^7 



258,732 
215,587 
252,528 W 



178,945 1 


189,^060 


41T),36^ \ 


428,189 


27,i30 ■ ' 1 


19,765 


61,718 j. 


71,229 


306,294 |. 


317,549 


■ 15,020 1, 


19,646 


'27,8^5 1 
37.^^ ! 


. 26,970 
38,213, 



' tl' 


^/A 


1 N/A- 1 


N/A- - 




N/A 


1 N/A T 


N/A - 


1 


i2,136 


1 ^ 32,602. ! 


. 34,176- 


1 ^25,150 


26,352 1 


'26,804 




6,986 


5,634 ! 


6,753 




N/A 


616 1 


619 




4,195 


5,661 I 


1,506 




2,815 1 


8,945 1 


5,059 




N/A 


149 I 


20 




N/A 1 


336 ! 


220 




N/A . 1 


604^ ! 


loi 




2 ,'815 • 1 


. 7,85^- 1 . 


' 4,717 




,157 j 


.17,393. ! 


13,674 




« 
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R&D EXPENDITURES IN UNIVERSITY-ADMINISTERED FEDERALLY FUNDED RESEARCH AND DEVELOPMENT 
CENTERS, BY CHARACTER 0^ WORK, FIELD OF SCIENCE, FOR SELECTED .YEARS ..F\'- 1964-73 



(DOLLARS IN THOUSANDS) 





1 1 A £ £ 

1 1966 


1 ' * 


1970 


629,207 

* 


' \ 629,502* 


1 718,930 '..e j 


736,847 

\ 




1 Olil C / "7 

1 ZAb,347 


1 , ' .1 

.1 V 1 
1 275,^95 j 


t 


zUi , oUU 


1 OAT A 1 0 

1 207,^012 


j 231,207 J 


215,587 


•> 


j 195,943 


j ;'212,128 j' 
1 ^ ■ 


252^528 


* 

154,704 


1 . 

[ 150»522 


1 178,94^ j 


189,060 




1 /OB 

1 36oy483 


1 410,362 I 


428,189 




1 10 A 11./ 

1 |20,11'4 


y 27,330 1 


19,765 


59',458 


■ ! 51,941 


1 61,7X8 I 


71,229 


264,632 


I- 285,306 


1 306,294 I 


317,549 


1 Q "iQ 
1 J, D 


' T 1 TO/ 

1 11,124 


1 * 15,020 ;^ 1 


19,646 


2a) 310 


,1 3L,173 


i • 27,875 i 


26,970 » 


jy , o50 


1 40,019 


! 37,147 ' j 


38,213 ^" 


XT / A 

N/A . 


1 N/A 


} 1 
I N/A s * 1 




XT / A 

N/A 


! ' ' N/A 


1 ' N/A j V 


a/A 


n c A y 

3/,504 ^ 


! 3?, 136 


\ 32,602' j 


34,176 


d coo 


1 25,150 


h • * 1 
1 26,352 y 


26,804 


0, 976 


J 6^986 


I 5,634 '{ * 


6,753 


• N/A 


1 ' N/A- 


1 616 ! 


619 




1 4,195/ 


•j .5,6^' 1 


1»506 


1,522 


J 2, 8I5" 


ft Ha';* ! 




N/A. • 


} N/A 


1 . 149 1 


'20 


N/A 




1 336 I 


• ^ 220 


N/A 


I . N/A ' 


! • 604' 1 


' ' 102 


1,522 


• 1 2,815- 


1 7,856 •[ 


4 717 


' 189 


1 157 


1 ^ 17,393 1 


13,674 i 


• 








• 


L 


• 






1 

( 
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1972 



1973 



JOTAL) , 



SCIENCES UECl. 
ES (TOTAL).... 

S (TOTAL) 

CLUDING 

NCES) 

ES 

) 

*ud6s • • 
sciences) 

L 

NCES,NEC ". . 



AL). 

• • • < 

CE., 



[ENCES, NEC. . . 
[TOTAL) . . ." 



ERiC 1^6 



763,563 



250,167 
225,452 
287,944 



198,070 
431,864 

28^,473 

75,395 
309 ,-266 

18,730 
"v37,186 

41,738 

36,346* 

. .29,204 
3,707- 
3,433 
1,447 
8,686. 
N/A 
'■91 
55 
8)5^0 
8,226 



8i6,923 



29 6, 9;^ 

22S3ll 
^4,P57 

^ 28,0513 
319, • 

54,9^^^. 

16,50$ 
\ 38,434- 
33, $140 

24,344 
.3,,323 
6,27a 
898 
1,392 
835 
371 
186 
0 

4,095 



in? 



Table FEDERi^LY FINANCED CURRENT 

AND DEVELOPMENT CEN'TEKS, 



R&D EXPENDITURES IN .UNIVERSITY-ADMINISTERED 'FEDERALLY FUl^DED RE/ 
BY CHARACTER OFvWORK, .FIELD OF SCIENCE, F0R SELECTED YEAR5, FY ' 1 

(DOLLARS IN THOUSANDS) ' * 



,1969 



CHARACTER ANi) FIELl) 



1964 



1966 



1970, 



.TOTAL. 



CHARACTER OF WOBJC: 

BASIC RESEARCH... 
APPLIED RESEARCH. 
DEVELOPMENT.': 



FIELD' OF 'S(flENCE: . * 

ENGINEERING (TOTAL) v...^ 

PHYSICAL SCIENCES (tOTAL) 

(1) ASTRONOMY 

(2) CIJEMISTRY , \ 

(3) toSICS.. ^ 

(A) OTHER PHYSICAL SCIENCES NEC: 

ENVIRONMENTAL SCIENCES (TOTAL)... 
' ;MA1hEMATICAL SC^ENCfiS (TOTAL) 

(1) MATHE^TICS (EXCLUDING^ 

COMPUTER SCIENCES).? 

(2) COMPUTER SCIENCES • 

LIFE SCIENCES (TOTAL) 

(1) BIOLOGICAL (INCLUDES 

AGRICULTURAL SCIENCES)..'.. 

(2) CLINIC^ MEDICAL 

(3) OTHER LIFE SCIENCES, NEC 

PSYCHOLOGY (TOTAL) 

SOCIAL SCIENCES (TOTAL) 

(1) ECONOMICS 

(2) POLITICAL SCIENCE 

(3) SOCIOLOGY f 

(4) OTHER SOCIAL SCIENCES, NEC. 
OTHER SCIENCES, NEC (TOTAL).' 



629,166 



190, §86 
; 201,800 
£36,380 



629,409 



226,654' 
207,012 
195,943 



715,346 > ' 



273,399 
230,275 
211,672 



734,131 



267,084 
214,925 
252,122 



154', 704 


1 > 

• i' '150,^22 . 


178,651 


-'^ j 188,712 


!. 19: 


362,330 - 


1 368,408* . 


1 409 , 308 


j. t^n^ZT) 


; 43( 


24,385 " 


1 19,929 


I 26,485 


j 19,759 ' 




59,458 


'! 51,941 


j ,61,689" 


« j 71,206 ;. 


j- 7J 


X^,610 ■ 


1 285,229 


1 v3b6,114 , 


• j 317,268 ■ • 


[ m 


13,877 


! 11,309 


j ' 15,020 


^ 1 191646 


I 1' 


28,310 


; 31,173 


j 27,850 


■ ^ j 26,923 




39,840 


j 40,003 


j 36,669 


j 37,554 


1 


N/A 


j N/A 


j .N/A 


j nVa 


j 1 


N/A 


j N/A 


j N/A. 


} N/A 


j ' 1 


3?, 495 


i 32,136 


1 32,583 


j 34,010 




. 28,519 


i 25,150 


j 26,333 


1 26,671 


1 2! 


8,976 


1 6,986 


I 5,634 


1 6,720 




N/A 


1 N/A 


j . 616 


1 ■ 619- 




4,776 


■ 1 ^,195" 


! 5,611 


] 1,4B6 


1 *' 


1,522 


1 2,815 


{ 7 , 335 


I . 4,258 




N/A' 


j N/A« 


1 * 138 


1 , 20 




N/A • 


j N/A - 


{ 319 


1 . 201 




N/A 


j N/A 


!■ • .537 


1 91 




1,522 


1 2,815 . . 


1 6,341 


1 31946 




189 ' . 

/ 


1 157 
1 * 


1 17,3^9 


j 13,309 
1 





I 

.1. 
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CED CURRENT R^D EXPENDITURES UNIVERSITY -ADMINISTERED FEDERALLY FUNDED REASEARCH 
NT CENTERS, BY CHARACTER. OF WORK, FIELD -OF SCIENCE, FOR SELECTED YEARS, PY 196A-73 



/ 



(DOLLARS IN THOUSANDS). 



V 

I 

I 

4- 

i 



1964 ' 


, 1966 1 


1968 


i 1970 










629 166 


. I 629 409 1 

f I 

i ^ i 


•715 346 


1 734 131 

> ' JM y X JX 


K 

190 986 


1 226,454 1 


273,399 


1 267 084 


201,800 


. ! 207,012' 1 


230,2 75 


1 2^1A,925 


236,380 


'i 195\943 1 
! ' 1 


211,672 


^ ! 2S2 122 




i i 






154 , 704 


1 ISO S27 ' 1 


JL / O , V J JL 


1 Iftft 719 

' JL OO y / X£. 


362^330 


1 368,408 i 


409,308 


'1 427,879 


24,385 


! 19,929 1 


26,485 


j 19,'759 


59,458 


1 51 941 ! 


61 689 


1 71 206 


264.610 


! 285,229 ' 1 


306,114 


\ • 317.268 


13,877 


! 11,309 1 


15 020 


1 1 IQ fi4ft 


28, 310 


31,173 ! 


27 8S0 


/ 1 ^6 Q23 


39, 840 


i _40 00*^ " I 
1 ' 1 




1 J / , J J H 


N/a 


1 n/a 1 




1 N/ A 


N/A 


i N/A 1 


• N/A 


1 N/ A • 


37,495 


i 32 , 1 36^ 1 


32 ,583 


' 34,010 


28,519 


j 25,150 j 


26, J33 


i ?6,671 


8,976 


1 ' 6,986 . 1 


5,63^ 


* ! 6,7^ 


N/A 


j N/A 1 


616 . 


1 . 619 


4,776 


1 4,195 1 


5,$11 


1 1,486 


1>522 


1 2,815 1 


7,335 


1 -4,258 


N/A 


• 1 y/A ■ j 


138 


- ' ! 20 


• N/A 


j N/A ] 


319 


j 201 


N/A 


j -N/A j 


537 


! 5^ 


1,522 


1 2,815 1 


6,-341- 


I 3,946 


189 


i ^57 1 


, 17,339 


1 13,309 



1972 



1973 



.NEC. 
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l^ATIONAL SCIENCE^FOU}^ 

WASHir^GTON. DC 20550 



Dear Sir: 



APPENDIX D 



1 . ^ 

Reproductibn of Covering' 
Letter and Instructions^ 



r 



The National Science Ibundation requests yom 
survey of scientific activitiee^ of institutic 
finely statistics fVora the survey are very ic 
rational ScienTie, Board in api^lsing the naXi 
efforts. Beginning this year,, the survey wi] 
basis. Dr. H. Guyford Stev^r, NSF Director, 
this on May 7,' f973, and a topy of the mes^a^ 
infprmation, » , " 



U 



few changes between the enclosed survey 
shown in the notice of modifications containc 
instructions^* Please note that a postcai^ 
that should 'be i;etumed immediately upon rec 
that the 'questionnaire has reached yoU and \rt 
persons to be contacted i^<. questions arise ii 
phases of the ''sxrrvey. 

Please c'oaiplete and return the form to us by 
institutional responses are critical to the 
will be processing the data as soon as they 
inclusion in the National* Science Board 's.ani 
which highlights the latest "status of scien^ 
survey data were used extensively in that re] 

Please note that Item 5 requests estimate9 
mental research , -even though we realize that 
difficulty in reporting it.' One of the recoi 
business officers and institutional research! 
recent ISF semin^ on departmental research 
reporting be provided as part of ^our survey* 
letter siiggests tl>ree methods to estimate de] 



V - / 



^Thc questionnaires used in the survey arc reproduced «n appendixes B 
andC 
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N3<TI0NAL SCIENCE FOUNDXTIOK 

. ^ * ^ ' ' ^ WASHIMOTON. D C 20<>SC , ' ^ 

• • ' *■ / 

< • • ... 

* ^ . ■ 

. V . August 17, 1973 



Dear Sir: 



APPENDIX D 



jroductiorv of Covering" 
:etterarjd Instructions^ 



The national Science Pbundation requests your cooperation in its eighth 
survey of ^cientific activities of ins.titutions of high^ education. 
Tiioely statistics from the survey are very itnportSLnt to ISPl and th^ • 
national Science Board in appraising the national and* ^cadeiiic RScD , 
efforts. Beginning this yfc', the survey vill be conducted 'on an annu£il 
b&s-is. Dr. H. Guyford Stever, NSF Director, notified, your president *of 
thl,s pn May 7, 1973^ and a copy of the laessage is enclosed fbir your 
information. * 



The few changes between the enclosed survey form and laat year's are 
, showji in the notice of modifications contained^ on the last page of the 
instructions. Please note that a postiard is inducted ^n the package 
^ .that should b6 returned immediately ifpon receipt. It H^tll assurp us 
# that the questionnaire has reached you' a^d vill provid^ Sthe" nsimes of 
■"pers-onfi to be contacted .If questions arise in the folio^i^i?) and editing 
phases of the survey. • ^ ^ ^ 

' * . . * > " \ 

Elekse oon^lete anS return the form to us by ^ctober 3X/^19t3} QsLrly 
institutional responses .a^pe ^ritical to th^. success^ of ^ufbe Purvey. We 
will be processing the. data as soon as they are return^" .ija. u4 tdr 
inclusion 'iti the National gi'cience Board *s annual report fcd the? President 
which highlights the latest "status of science", indicators. ' Lastiyear's 
survey data were used extensively in that repprt. \ 

.\\ 

, Please note that Item 5 requests estimates of expenditu^*^ for depart - 
mental research , even though we realize that many institv|il,ons have 
difficulty in reporting it. One of th^. recomiaendations oy university 
business officers and institutional researi;:hers who partilipated in a 
recent VS? seminar on departmental research was that guidljines in 
reportljig be provided as part of , our survey. The' sheet attached to this 
letter suggests three methods to estimate departmental refiarch funds. 



firyiirc^ uvd in the surv<*\ arc reproduced appendixes |- 
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Gttidelines to Report Expenditures for Departmental Research 

•Si^penditures for departrrental research are estitnated at nearly $6S0- 
adlllon in|19T2, or about one-fifth of total academic research. Depart- 
tEcatal research, which is a concooiitant to the teaching mission, is 
r^ely identified in university record-keeping. Nearly one-half of the 
Nation* 8 institutions of higher education af^e unable to estimate its 
YoluiTf in: expenditures, including soriie of the oost prontnent univer/lty 
centers of advanced resesLTch. ^ . 

: ^ ^ ' 

A senanar on departmental research vas \ield recently by the National 
^cience Foundation. The participants consisted of about 20 persons dravn 
pom major universities, government, and higher education professional 
associations. 

Their discussion revealed ^hree methods that institutions might use to 
. .^fitim^t^ Expenditures for' departmental research, as follows: 



It Reque^is^hat department chairmen give estimates of the ^ 
♦ . < percentajje of time that their own faculty spend oft 

* departmental* research. The survey coordinator then can . 

» ^coffibine the estimates and report '^bose percentages* in 
* Item 5> column 2; ' , , 

2. Either ask the department chairmen to estimate, or 
' estimate departmental research from central records ^ 
as a residual. .First estimate the 'proportion of time 
spent by faculty; on instruction, organized research, 
rf^ubljc servtie, and administration-S^the residual to 
departmental researdt^ 

3* For institutions that have faculty aotivity reporting 
systems, itse the reports as a, basis of estimating the 
proportion of time spen^ on de^partmeirtel research. 

Please note that revenues produced from charges fpr medical services apd 
for user chsrfees at agricultural experiment stations should be included 
as departmental researqh to the #extent that they support research, even ; 
t^hough these Revenues may not be thought to be institutional resources ' 
and may not be include^ in your accounting records.^ 

The det^tiled findings and recommendatiions from the NSF seminar on depart- 
mental research will be published a^ distributed at a later date. 
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ATTACHMStTT 



bcpenditiges for ftepartjaental HescfeO'ch 

f 

^ research are estinaated at nearly $6So 
-fifth of total acadeniic research. Depart- 
Dncoaitant to the teaching raission, is 
by record-keeping. Nearly one-half of the 
w: education are unable to estimate its 
Ung sotre of the taost pfonslnent University 
♦ 

f 

Jarch was held recently by the National 
Lcipants consisted of about 20 persons drawn 
rniuent, and higher education professional 



le methods thft institutions might use to 
irtniental research; as follc>ws: 

int chairmen give estimates of the 
at their own faculty spend on 
^ The survey coordinator then can 
and report those percentages iti 

nierft chairmen to estimate, or 
research from central recorda ^ 
estimate the proportion of t!ime 

nstructiqn, organized rese43K;h> 

dministration--the residual to 



NSF recognizes that some of the data are "soft" estimates. These data^ 
including breakdowns of expenditures into basic and applied research. 
If development, and departmental research are requested in the form of 
percentage estimates rather than absolute amounts. r©F will publish 
c^nly national aggregates, for these statistics so that reports by 
individual -institutions will, not be identified. 

Ke are enclosing a copy of a summary of last 'year's data with the hope 
that it will demonstrate that IJSF is trying to provide early release of 
statist^ics. A detailed report will be published in a few laonths. I? 
you would like to have any additional data from the sur\'^ list^ings, 
please let us know and ve will try to provide them to jpUN 

Your continued cooperatioS in reporting ^imely data toft^? will be 
greatl;/ appreciated. If you have qu^sti^ns, please addiNess them to me 
or Mr. Ronald Biggar. Ve may be reached on Area Code 20^, 282-7790. 

^ \ Sincerely yours, 

c Richard A. Berry, S^udy Ettrector 
Universities and Nonprofit 
^Institutions Studies Gioup 
^ . Division. of Science Resources Studies 

♦Enclosures 



have faculty activity reporting 
rts as a basis of estimating. the 
ant on departniental research. 

aced from charges for medi.^al services and 
1 experiaent stations should' be included 
iv extedt that they s\5>pore^reseai<ch, even 
>e thought to be institutional resources 
accounting records. 

aiaendations from the KSF seminar on depart- 
led and distributed at a Ikter date. 
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MATIONAL SCIENCE FOUNDATION 

WASHINGTON O C 20560 



sur\*Ey of scientific activities of institutions 
. of higher education 

\ 

♦ * 

. ^ (Current and Capital F.xpenditures for Research. 
•Development, and Instruction in the Sciences aitd EnRineerinR. 1973) 



INSTRl (TIONS AND DKHMTIONS 



The National Science Foundation requests 
vour cooperation \j\ completing the attached 
questionnaire covering the financial charactcri\- 
tics of Sour institutian a> thc> relate to the 
sciences and cngmeermg \ 

Your cooperation in returhmg the question- 
naire bv October 31. 1 973.^ ill be great Iv ap- 
preciated * 

Information on some items mav not be 
available from records normall) maintained bv 
>our in>titution Reasunahit esiimairs for \i4ih 
Items H /// he sati\fa{ tori W here it is not possible 
to identifv expenditures for the vcar. revenues 
mav be ^ubstltuted Enter '*0** as' an itdm total 
(lines WOO, \ 200, J 300. etc .are item totals) rather 
than leave, the total blank 

J"his survcv IS generalK comparable lo that 
conducted bv this office m 1972, ciAcrmg fman-* 
ctal expenditures for academic vear 1 97 1 72 
Where data reported in the currcni*suf\c> jiiffer 
signiftcantl) from those reported in the previous 
survev. please indicate the reasons, for ihc 
difference, such as ihc inclusion of unratmburscd 
mdirect costs m the space provid6d for 
"^Renurks"^ at the end of the questionnai^ 
Copies of >i>ur institution's earlier responses are 
available upon request 

I If you have any questions regarding ijrfor- 
maiion requested on this form or if you neetl ad- 
ditional forms, wnie or teiephoi^c Mr Ronald^ 
Btggar at the Universities and Nonprofit Institu- 
lions Studies Gtuup (202 2^2-7790). National 
Science Foundation. 1800 "G** Street. N W. 
Washington. D C 20550 



Tht financial survey covers the fiscal year 
beginning on Jul) 1. 1972. and ending June 30. 
1973. or >our4nstitution*s equivalent fiscal >car 
ending in 1973 

Include data for branches and all 
organi/atmnal lyiits of your institution, such 'as 
medscat schools and agricultural experiment sta- 
tions Also include hospitalv'or clinics owned. 
opHcrated. or conyolled b> universities, and inte- 
grated operational!) v^ith'theclinical programs of 
>our medical schools Exi lude data for Federalfy 
Funded R&D Center's administered b> uni- 
versities A separate qucstiohnair^'e will be mailed 
dir^tlv to each Center See page 3 for a list of 
Federally Fuf\ded Research and Development 
^■enters (FFROCs) FFRDCs. fis designated by 
Federal agcncies.^^arc R&D organizations ex* 
clusively or substantially financed by the Govern- 
ment and administered on a contractual basis ^y 
educational institutions or other organizations.* 

In ccunpleting this form, respondents may^ 
find It useful to refer to principles of financial ac- 
^-counting for institutions of higher education 
presented in College and L'nuersti} Business Ad- 
tihinistraiiutt (Washington. D C Amcncan 
Council on Education. 1968), 

All financial data requested on this form 
shoMid be reported in thousands of dollars, for ex- 
ample, an expenditure of S25.342 should be 
rounded' to the nearest thousand dollars and 
reported as 



Section A— Current Expenditures for Separately Budgeted R 

• * (f xpwxJitures (or mMfociion ind dcpac^mcnul rv^,irch «nd] 

^ faCiliiK% 4re to be e^cludc^ h^fc buArcr>anc4 »n Section* 1 

* \ 

than a pra^ 
Apph^ 
tical applic 
applied *rcs 
basic rescai 
4he tnvesiig 

. Develc 
knowledge 
production 
devices, sys 
not include 
testing 



Definitions 

Research and development includes basic 
and applied research in the sciences and in 
engineering, and design and development of 
prototypes and processes 

Research is a systematic, intensive study 
directed" toward fuller knowledge of the subject 
studied Research may be eKher basic or applied 

Baste research is directed toward an increase 
of knowledge, it is research where the pnmary a*m 
uf the in\esiigatut »s a fuller knowledge or 
understanding of the subject under study rather 



Classification of Fields of Sdei 

Listed below are illustrative disciplines included in engineeii 
which separate data are requested in )tems 4. 5. and 6 of the qi 



ElVCIMTERING 
AERONAl TiCAt 

Acrod>namio 
ASTRONAI'TICAI 

Acrovpaccv \p*ce tcchnotof> 
CHEMIC>SI 

Petroleum, petroleum rcrininf:. proccv\ 
CiVII , 

Archttcdural hvdnultc h^dr^^loyic manne \«niiirv tpd 

efiMfonmenuU ttruciural. tran%pon«iton 
EIECTRICAI 4 

Communtcahoiv electrons po*"cr 
•MECHAMCAl 

Enpnccnni mechantck " , 

MET>LLtRO> AND MATERIALS ^ 

CeramK mmm^ texhle «rldinj; 
OTHER ENGINEERING NFO 

AP'tcultural trxJuUrul irxj marufement nuclear occ^n 

enprwnnf t>vetm 

PHYSICAL SCIENCES ' • 

ASTRONOMY , • , , 

laboratory ai(roph>'»icv opt teak a%»rooooiy n^io 
aurofUMn> thcorrttcai aUr.>ph)»K« X^«>, (tamma-raj 
ne^nno aUrooomy ^ 

.CHEMISTRY * ' 

Inorjcantc orjeano-mctallK orfanK phywcfl 

PHYSICS ^ • / 

AcouUics. atomic artd molecular. corKkrued r^'tterl^clemen- 
ury parttcln nuclear structure, •opttcv pUwna 

OTHER PHYSIC At SCltNC LS. NEC-* 

ENVtRONMEVTAL SHENCES (Termtrial an4 Extra- 
tnTfttriaJ) 

ATMOSPHERIC SCIENCES 

Aerono<n>. wUr. weather modificatKMV extra-icrrturul at- 
tTKnpSercv meteofotety 

GEOLOGICAL SCIENCES 

Eflprwcnnf tcopbyftcv fenerat fsciofy. (eodcfy arxj 
fra>tty. |coma|Enet(im. h)-di<jk>|0 .r>oriUnK. fcochemntry 
itotopKlceOChemtttry nrfanK ](bochemtitrv Uhfeophviici 
paWomagJfetiim. paleontology. phyt*cat leofraphy 'artd 
cartofraphy. Kiuz>ok>icy. lotl tcienco 



OCf ANO< 
. Cbemio 
occajnoj 

' MATHEMAT 
Algebra, 
foundittod 

lopolo'io 

COMPITER 

» Deugn. del 
rt> data \tii 

procesMnf. 

LIFE SOENC 

BIOI OCW( 
Agricu 
bacterK 
oceano 

* entomo 
mtcrobi 
pathoU 
phvitol^ 

CllNlCAl 
Intenuil 
medic ifl 
vetcrini 
habtlit« 

OTHERS 

PSYCHO LOC 
BIOUOGK 
6cpcni 
ojty ^ 
SOClAt A 
Socul I 
cholojo 
develop 
OTHER r 

• NOT ELSE' 
requeued 
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NCE FOUNDATION 

Hi.O C 20SM 



:tivities of institutions 
education 



xpenditures for Res^rch, 
Sciences and Encineennc* F\ 197^) 



^ND UEFIMTIONS,, 



• The financial sflrvey covers the fiscal. year 
b<:;grnning on Jul> 1. 1^72. and ending Jupe 30. 
1973. or vour insiitution\ equivalent fiscal >ear, 
ending in 1973 - j 

Imtude d^ta for branches and all 
organizational unu$ of your institution, such as 
medical schooU and agOcultural experiment sta* 
tions Also include hospitals or cjinics owned, 
operated, or controlled by universitfes, and inte- 
grated operationally with theclinical prqgrdmsdlf 
yptit Aedical schools Exclude data for Federally 
Funded R&D Centers administered by Aim- 
versit\es A separate qucstionnaire'will be mailed 
directly to each Center See page 3 for a list of, 
Fcderaftv Funded Re^^cafch and Development 
** Centers (f FRDCs) FFRDCs. as designated by 
• Federal steencies. arc R&D organizations ex- 
clusively oVubstantiaUy' firtanccd by the Govern- 
ment atxd aojnini^tered on ^.Contractual basis by 
educatjonal institutions br other organizations 

In compldling this form, respondents may 
find It useful to^cferto principles of financial ac- 
counting (or iriK(itutr6ns of higher educatiori 

^ presented in ro//tWj/7t/ r/i/vt>ri//» Busmen Ade 
minisiraiton (Wa\hington. D XT ^ American 
Council on Educatipn. 1968), 

' # \ ' 

* Ail financial data requested otr this forrp 
should he reported in thousands of dollars, ^or^x 
ample, an expenditure of S25.342 shoufd b^ 
Vounded U> the nearest thousand dollars and 
reported as S25 



Section A— Current Expenditures for Separately Budgeted Research and Development (R&Ct) 

4F xpcrvditurrs livf in\Uu«,tK»n jckJ dcfv*nrTxnul rcxarch afvd cjipilal cguipmcni iftd 



de^ a 



Definitjofts 

r 

Reseanh and development includes Dasic 
and applied research in the sciences an3 in 
engineering, and design and deveIopn\ent of 
prototypes and processes 

Research is a systematic, intensive study 
directed toward fuller knov^ledge o^ the subject 
studied Research m^y be either basic or applied 

Basic research is directed toward an increase 
of knowledge, tt is research where thepnmary aim 
of ijY m\eijtgaior is a fuller kpowledge or 
understanding of the subject under study raihei' 



than a practical- application thereof ' 

-Apphed resean h is directed toward the prac- 
tical application of knowledge The definition of 
applied research differs from the definition of 
basic research chieffy in ternft of the objectives o/ 
the mvesitgaior ^ 

* Development is the systematic xuse of 
knowledge directed toward the design and 
production of useful prototypes, materials, 
devices, systems, methods, or processes It djoes 
not inclode quality control or routine product 
testing 



CUssification of Fields of Science 



Usted below are illustrative disciplines included m engineering and the various fields of science for 
which sc'parate -data are requested in items 4. 5. ahd 6 of the questionnaire 



ESCINEERtNC 

AEROSAlTKAh \ 

AcroU>rumkcs 
ASTROSAl TICAl 

Acrtpwce 'vp'c? lechnolojtj 
(HEMlCAt. * 

Pcuoloim pcirolciim refmioii. pfoccst 
Civil 

Archnectunl hydraultc h\drok>;K rrunne vatmun and 

en\iromncnUl sirvciural ira*>port4iion 
FlECTRICAl \ 

CommuR^iion clccirpntc ^vxx ^ * 
MECHAMCAl 

£npn6crm( mechanics 
, MfTAll I'RGY AND MATFRIAlS 

Ccnmic mining tcxhk^ w-cldinic 
OTHER FSGtSEERISG SEC* 

*A(|7iculiunt indusirul and manajccmcnt nuclear ocean 

enpncejinjt i\-ucm\ 

fHYSICAt SCIENCES 
ASTROSOMV 

tjboniory a%troph>i4Cv optKit ««%tronomy radk^ 
^auronofn> ihcoret»cal asir<'>ph>Mcii X-ra) |tamma^a\ 
ncuinno a%trf)fiom> ' / 

" criFMISTRY » * 

InorlcanK orFino-RKtilhc orfsntc ph>Aica1 
PHVSICS 

AcooitBCvuomxandmolccuUr condenvd nuMcr elemen- 
tary paruclet nt^kar iirvcture ofipcv pUvrnx 
OTHtR fHYSlCAl SCIENCES NEC* 



(TcrmlrUI %M E^lr»^ 



OCFANOGRAPHV 

Chemical ocVjnojrjiph> iseolojfcal 
occanograph> marine ji:e«oph>vK\ 



1 (vcar^l 



'(raph> iph>vicat 



ENVIRONMENT At 4 SOEWCES 
imettrki) 

ATMOSPHERIC SCIENCES 

Acrcmom> k^Uu weaihei modtficatK^ cx(ia-ierrr%tiul at 
• motphem n^teofology 
* GEOlOGlCAl SCIENCES 

tnpnecnnn feophy-wcv general iccok>j:> feodet> and 
gravity jro^fnelK^n hydr4>(oK> ipofjtanic (cochemiMry 
, i^iopic ^bochemntry ofKanie^cocbemtMry UbjEc«i>ph>»nS 
pateocnajcnetivnk pateoniok>£y physical fco^phy and 
canofraphy ^ciMnoto^jy «c*encc« 



^MATHEMATICAL SCIEN^F-S ^ 

Al|tet>fa jinilyMx applied mathematiCN computer science 
(oundatiom. Jind \opc (teometry numertca! 4ruiIyM> -vt^tiUtc^ 
lopokkf^ ^ ' * 

COMflTER SCIENCE 

Deufn development ijind arpt»caik>n of computer c*pab»lit»e\ 
to data Morale ar>d manipiyniori computer jnd mformation 
i^nce\ (|(enerat) information vcicrvco and*\>uem\ data 
pfocc*\inj^ computer programming, miems ana)>M\ 

LIFE SCIENCLs 
BlblOCilCAl 

Agricultural Kienccx «nat<7rr)> ampal \cience\ 
hactenolojy "* hiochemwtr> biojte<>;^aphj ^o!oj»c>< 
oceanography hioph\MC\, ecoIo(t> embr>oIog\ 
entomology e>olut>onar> biolog% gcneticx immunology 
microbtolop nutrition and metabolnm para\itologv, 
QathologN pharmaco1og> ph>xKal anthrop<»log> 
ph\%iiolog> pUnuwteron radiob»olop v>%temat*c% 

CllNICAl MFOfCAl 

Interria^ nKd»ctne neurolog> ophthalmology prcxnttve 
medtcinc and public health jR>chiatr> radiot<»g> \urgcn 
^Yta||^par> medicine dentiMn ph\Mcal medictne and re- 
habilftatton p^armac\ podiatr> 

OTHER I IFF SCIFN«S NFC» 

PS\CMOt.OGV 

BIOlOGICAl ASPECTS " ' ft 

Expcnmenul psychology animal behaMor clmMrfjl p|^>chAl- 
ogy comparative psychology ctholog> ' ' 

SOCIAI ASPECTS 

Social pt\chok>gy educaiioriai pcrwnnci vocaiionat |H> 
chology and testing, induunal and engineering pi>>cbo!\^ 
development ar>d pcTv>naI«i> 

OTrtiR PSYCMOIOGICAI SCIFnCFS vf(» 



• NOT ELSEWHERE CI ASSIF IF 0 I vd for mutiidiwtpl«nar> 
pro)eci\withiiv(hepnmar> tie id and lor wngicdiscipunc pr o;cft» not 
requested «<^r*tel> Noie dnopiinc* m Rcma(\«' yrct»on 
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S<KUL S(IFN(r.S 
HONOMICS 



POIITK M S< If^Cl • 

Area .V regi<^o*i '.JiKlif% compi) jKvcj^ov^inmcm htuorv .J 
pohtical id<j\ .ntcfn*?t«>iut nrUtt<>ft> jnj U» aatu>ful fKv 
hiiCJl and legal >>>icm> politicjil ihcor> »uMt% 
ad mmist ration " 



Fcdenill) Funded Resnrch and Development Centers 
Administered by tnivcrsities and ColIe|»e$ 

\mc^ I ahoraiorv 

Applied Ph>^»c> la^»^^!^f^ jJt>hn> Hupkinx I ni>axU>> 
Appffcd Ph>\»c» tahoraiorv (I nt>crMt> of Wa»hingJoni 
Argonrw Saijonal lalv,>rau>f\ 

•Brookbavrn SatKvaai I ah«rjii<>f\ 

Cambridge F»c«fOo Accckraior ^ 

Center for Na>a! Anal>>i> 

Ccrro To»o{o Inter Amer>caf> (>hscrvalor> 

F O la»rence BcrlLC>e> la^vraiorv 

I O I a^rcnct I nrrmorr tahoraiorv 

Jet PropuKion I jtHvjiorv 

Kitt IVak Nationai ()h%ervai(^rv ' 

I tVotn 1 atxvrator^ 

I o> AUnv>> SticflttfK I al!\>rai»r% 

Nat»t>nal Accrterator I ahoratorv 

National A«tr<>nom> and Ionosphere (enicr 

Nattorat < enter for Atnvuf^hern Rrvearch 

National RadH> \\trt>n»>m> Oh\er\ator\ 

Oik R»d<ce Aivvated I m>crMiiex « ^ 

Ordnaiwe Re>farch I aKoratorv 

Pla>ma Ph>Me* I alv>ratorv 

Space Radutu>n Fffcct> t>ah(trator\ 

"Stanford 1 uicar ACcclcutor t enter ' 



^ Survey Items" 

• Item I Current expenditures for separately 
^ budget cd/escarch and development. b> source of 
'funds. 1972-73 Include indirect costs (see item 2 ) 
Source of funds refers to immediate sources 
rather than ultimate sources of funds concerned 
For example, funds rcceived.by your institution 
from.a foundation should be reported under that 
source, even if industry was the original source of 
j some oft all of the foundation\ funds 

Under Federal Government (item la) include 
, grants and contracts earmarked for research and 
dfiiel6pmenl by all agencies of the Federal 
Government Exclude RAD contracts suh- 
• contrxjc{edh\ your tnstttuiton to he performed h\ 
other i^f^anizatiom 

Under State goyrrnmcnt (item lb) include 
funds designated for R&D by the Sta\>: 
government and its agenci(;s Include here State 



SOC lOl (XA 

( omparahvT af>d hi>tor»cal compkx organi/aitoni cJliure 
and sixuKtiuctuft dcm<>graph>. guiup interactkon> vixtai 
pr<>hkm% and v»x«il MeKarc vKM^Iojitcal tW«r% 

OTHFR SCKIAI S( fl sCFS' NFC* 

Cultural anthtopofog> h^M^^f\ lmjUKiK> vKK*-economK 
jec(>gtaph\ and resear<-h in education , 

OTHER S(» S(F».. S E(* 

lo be uscd'^onK when muftidiWipl(ftar> and int€rdiWtpliriar> 
a%pect% make it tmpo\ybk iovla»iU ihc project or empl«>meni 
uf>dct orK pnnu\ JieW rx> n^^i include non-^ttcn^e acliN'itiev 
voch a\ Fngfish or rr^U\K bccauvc tbe^c acii>ttio are outMdcihe 
wope of the %ur\e> 



funds supporting research and development ^t 
agricultural experiment stations 

Under local government (item Ic) include 
funds designated for R&D by county, municipal, 
or other local governments and their agencies 

Under Foundations )and voluntar\ }tealth 
agencies (item Id) include grants specified for 
research and development Funds from foun- 
dations which arc affiliated wit{i orgrant solely to 
your institution should be incltidcd under 
Institutions own funds (item 1 0 , Funds 
specifically designated for R&D and derived from 
a hfealth agency that is a unit of a State or local 
government should be reported under State or 
local^lgovernment Fonds frorfi professional 
societies such asi the Anierican Mjcdical As- 
sociation and the American Dental AsscKiiation 
should be reported underO/Zier iourr«( item Ig) 

Under Industry (including trade 'as- 
sociations) (item IcT include all grants and con- 
tracts allocated to R&D by profitmaking 
organi ?ations.^ whcthcr engaged m production, 
distribution, research, service, or othef activities 
Do not include grants »nd contracts from non- 
profit foundations, financed by industry, which 
should be reported under Foundations, 

-Under Institutions own funds (item 10 in- 
clude anj^fund^ which the institution was free to. 
designate for R&D and whicli were m fact so 
budgeted The sources of these funds may include 
^ endowment income, tuition and fees, general- 
purpose State or local government^ ap- 
propriations, anid general-purpose grants from in- 
dustry, foundations, health agencies orother out- 
side sourqps. provided these were unrcJtrrcted . 
funds and were utihzed by your institution for 
separately budgeted R&fD. Do not include any 
salaries or other expenditure? which are budgeted 
as instruction or departmental rcscarth even 
though these salaries or other expehditurcs con- 
tribute to the performance of scpai^itely blidgefed 



R&D Indirect costs od separately budgeted pro- 
jects fundbd b> the institution should be included 
as well as direct costs 

Under Otfier sounes (item Ig) report airy ad- 
ditional funds received from outside "sources other 
than ihose already noted, and which were 
earmarked for R&D h\ thesoune. Examples in- 
clude gifts. grai\ts. or cont/acts received from 
private individuals or professional societies, and 
designated for R&D by them 

Item 2 Total and federally financed current 
expenditures 'for separately budgeted research 
and development, by major cost item. 1972-73 

The purpose of this question is to obtain a 
cost breakdown of the current expenditures as- 
sociated with the performance of resealrch and 
d#elopment at your institution For each of the 
cost Items indicate the amount funded by the 
Federal Governmem (column 2) The total shown 
in 2e (column I ) should be the same as the totals in 
Item Ih and item 3d (column 1) Similarly, the 
total shown for Federal Goverrtment in item 2e 
(column 2) should be the same as totals in item la 
and in item 3d (column 2) 

In Item 2a. repon direct salaries and w^ges 
charged to separately budgeted R&D accounts of 
yoVir institution Include costs of fringe benefits 
only where they can be directly attributed to the 
Costs of separately budgeted research ^and 
development, otherwise. includ<rsuch costs under 
' Item ^ 2c. Indirect ^costs reimbursed or reim- 
bursable 

In item 2b. report all expenditures for 
materials and expendable equipment. 

In Item 2c. repon all indirect (overhead) 
costs attributable to separately budgeted R&D 
expenditures whi^qh wire reimbursed or will be 
reimbursed by the sponsoring organization 

In item 2d. repon all indirect costs associated 
with separately budgeted R&D expenditures 
wh|ch were incurred by your institution and 
which are not reponed In item 2c For example. 
Item 2d should reflect 1) an estimate of the 
overhead costs associated with R&D financed by 
your dwn institution; 2) indirect costs assoaated 
with federally financed R&D projects but borne 
by your institution in accord^ilce with cost-shar- 
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funds supporting research and development at 
agricultural experiment stations 

Under local governmeni (itcm.lc) include 
funds designated for R&D by county, municipal, 
or other local governments and their agencies 

♦Under Foundations and voluntary health 
agencies (item Id) include grants specified for 
research and development Funds Jrom foun- 
dations which are affiliated with or grant solely to 
your institution Jhould be included under 
insutunon's owrr funds (item 10 Funds 
<pccifically designated for R&D and derived from ' 
a health agency that is a unit of a State or local^ 
government «ih6uld be rcpoaed under State or 
local government Ftinds from professional 
socicjj|s such as the /Xmencan Medical As- 
sociation and the American Dental Association* 
si ou Id be reported un(fcr 0{hersources{ item Ig) 

Under industry (in^uding trade as- 
sociations) (item Ic) include grants and con- 
tracts allocated to RAlX^y profitmaking 
orggni?^tions. whether cr^gag^ in production, 
distribution, research, service, or other activities 
Do not include grants and contracts from non- 
profit foundations financed bv mdustrv wh4ch 
should be reported under Foundations 

Under Institution's own funds (item 10 in- 
^ elude anv funds which the mst4tution was free to 
designate for R&D and which were in fact so 
bud^jcted The sources of these funds may include 
endowment income, tuition and fees, general- 
purpose State ar» local government ap- 
propriations, and general-purpose grants from in- 
dustry, foundations, health agencies or other out- 
side sources, provided these were unrestricted 
funds and were utilized by your institution* for 
separately budgeted R&D Do not* include any 
salaries or pthcr expenditures which arc budgeted 
as instruction or departmental research even 
though these salaries or othtfr Expenditures con- 
tribute to the performance of separately budgeted 



R&D Indirect costs on separately budgeted pro- 
jects funded D> the in>tautton should be mLlOded 
as well as direct costs 

Under Other sburies (item Ig) report any ad- 
ditional funds received from outsidesources other 
than tho$e already noted, and which were 
earmarked for R&D b\ the so ur\ e , "Ex amples in- 
clude gift^. grants, or contracts received from 
private individuals or professional societies, ^nd 
.designated for R&D by them 

ltem\2 Total and federally financed current 
expenditures for separately budgeted research 
amd development, by major cost item, 1972-73, 

The purpose of this question is to obtain a. 
cost breakdown of tjie current expenditures as- 
sociated ^vlth the performance of research and 
qeveloprtient at your institution Fo^ each of the 
cost items indicate the a/nount funded by the 
Federal Government (column 2) The tot^l shown 
in 2e (column 1) should be the sameas the totals in 
Item Ih and item 3cr(column IjL Similarly * the 
total shown for Federal Government in item 2c 
(column 2) should be the same as totals in item la 
and in item 3d (column 1) 

In liem 2a. report direct salariqs ai)d w^ges 
charged to separately ^budgeted R&D accounts of 
your institution Include costs of fringe benefits 
only where they can be directly attnbuted to the 
costs of separately budgeted research and 
d^clopment. otherwise, include such costs under 
Item 2c. indirect* costs Reimbursed or reim- 
bursable. ^ 
^ In item 2b. report all ^ expenditures for 
materials and expendable'equipment. 

In Item 2c. report all tn<tirect (overhead) 
costs attribu^ble to separately budgeted R&D 
expenditures -which were reimbursed or ^\\\ be. 
reimbursed by the sponsoring, organization 

(ft Item 2d. report all indirect costs associated 
with separately budgeted R&D expenditures 
which were incurred by your institution and 
which ^rc not reported in item 2c. For example. 
Item 2d should Reflect 1) an estimate jof the 
overhead costs 3fts(>ciated'with R&D financed by 
your pwnrinsutution. 2) indirect costs associated 
with federally financed R&D projects but borne 
by Vour institution>in accordance with cost-shar- 



ing agreements, or 3) the difference between in- 
direct cost rates allowed by the sources of R&D 
funds and the^ indirect costb incurred by your 
institution For example, an institution with a 
Federal audited indirect cost rateof 60 percent ot 
wages and salaries which has spent SI million for 
wages and salaries would have S6(X).000 in in- 
direct costs If the amount in item 2c is only 
S400.O00. the unrecovered and unrecoverable 
remainder. S200.000. should be reported in item 
2d If your ct)mputation differs from the above 
•method, please explain in the Remarks Section 
Item 3^ Total and federally financed currery 
expenditures for separately budgeted research 
and development, by type of R&D activity. 1972- 
73 ' 

Types of R&D activity for which separate 
data 4re requested (basic research, applied 
research, and development) are defined on pages 
1 and 2 of the Instructions It is recognised that 
your records may not yield exact figures on 
amounts expended for each of the three 
categones. Therefore, percentage estimates of the 
breakdown will be sat isf act ory. The" 10(1 percent" 
in Item 3d refers to the total and federally funded 
R&D expenditures reported m Ih and la. 

Item 4. Total and federally financed current 
expenditures for separately budgeted research- 
and development, by field of ^lence. 1972-73 In-' 
elude indirect costs!* \ 

In column I .include all current expenditure^ 
for total separately budgeted R&D. by field of* 
science as shown on page 2. whether such expen- 
ditures derive fro;n outside sources or your 
institution's own funds, and whether from con- 
tracts, grants, gifts, endowments (ipcome or 
prinicipal). State and local government ap- 
propriations, or other sources, provided the funds 
were separately budgeted for •R&D and were ex- 
pended in the fiscal year 1972-73 Also mclude 
any indirect costs reimbursed or reimbursable by 
outside sponsors of R&D projects. 

In colump 2. classify total ^ separately 
budgeted R&D financed /fij? the Federal 
Gov|rnment, by field V)f science 

Totals in item 4i (columns 1 and 2) should 
equal Ih and la. respectively. 
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Section B-Current Expenditures for Instruction and Oeptrtmentt! Research in the Sciences 
^ • and Eitgineerins 

il xpcnditufo for tjpiiai ,.qu»pmcni anJ UvilHro arc i«> K: 



Current expenditures lor instruction and 
departmental research 'include the salaries of 
dcpartrpent heads*, faculty meijibcrs. secretaries 
and technicmni. office and laboratory supplies, 
and other expenses All expenditures incurred for 
instructional programs in science and engineering 
subjects for students pursuing^ credit courses of 
study which lead generally to a certificate or 
degree should be included 

Item 5 Currem e^tpenditures lor instruction 
and departmental research m the sciences and 
cngmecrmg. by field ol science. 1972-73 ^ 

Report all curreht J/r<>M expenditures of the 
instructional depanments. colleges, and schools 
of the institution m ihe^ sciences and engineering, 
by field of science 

In column 2. percentage estimates for 
dcpartmeothi research will be sufficient It is 
recognized Vthat the accountin;^ systems of 
institutions of higher edi^cation l^ay not yield an 
exact •breakdown 'between expenditures for 



ludfd here bui f^fx»rtc<f in Sctin>n ( I 

\ 

instruction and expenditures for depanmental 
research Howner. estimates of the proponioh of 
faculty time devoted to departmental research 
may serve as a useful guideline m estimating the 
share of departmental expenditures allocable to 
departn:K:ntal research ♦ 

Departmental research means research ac- 
tivities that are nor separately budgeted a/Id ac- . 
counted for It docs notjnclude externally funded 
or other separfietj^budgeted researdi Include 
'institutional f^inds used to defray the direct cost of 
separately budgeted research, c^xclude such funds 
from the amounts reported in Section A 

^'ote The time spent by faculty or other staff 
members in supervising the thesis work of 
graduate students should be reported as an expen- 
diture for instruction, not for departmental 
research // /igr departmental research ts 
performed by xour orgamzatton. please report 
zero in column *2. 



Modifications since the 1972 Su 



1) Separate data for medical schools are W/ 
required Pleasq include medical school 
expenditures as part of your institution 
total 

2) State funds that i^uppart research and de- 
velopment at agricultural experiment 
stations should be considered as State 
support rather than institution's ow n funds 

3) . The foundation and-voluntar^ health agency 

lines are now combined 

4) See page 4 fur a more complete definition of 
unreimbursed indirect cos^s Jnd an ex- 
ample of ho\N s^ch a figure might be 
developed 

5) A list of Federally Funded Research and 
. De\elopment Centers is provided on page3 



I0> 

H) 
12) 



Section C-Capltal Expenditures for^ientific and Entineering Facilities and Equipment for 
Research. uVi^elopment, and Instruction , 



This section covers capital expenditures for 
'Scientific and engmccring facilities and equipment 
for research, development, and instruction dunng 
1972-73 Report funds expended during 1972-73 
for facih^es which were in process in that year and 
for facilities wh;ch were completed that year. Ex- * 
p^nditures for admmistratwn bui|dings. steam 
plants, residence halls, and other such facilities 
^ should'bccxcluded unldss utilized principalfy for 
research, development, or instruction in engineer- 
ing or in the sciences Land costs should be ex- 
cluded 

. Facilities and equipment expenditures in- 
clude the following, (a) fixed equipment such as 
built-m equipment and furnishings (lioods. fixed 
laboratory tables and benches, and ventilation 
equipment); (b) movable scientific equipment 
such as oscilloscopes. piAse-h eight analyzers. 



spectrometers, anid plasma and protein separa- 
tors, (c) movable furnishings such as bookcasqs. 
desks, filrf cabinets, tables, and simple tools, (d) 
architect's fees, site work, extension -of utilities, 
and the building costs of service functions such as 
integral cafeterias and bookstores of a facility; 
and (e) facilities'constructed i<5 house separate 
components such as medical schools, teaching 
hospijals and university-controlled research 
centers; and (0 special .separate facilities used to 
house scientific apparatus such as hypersonic tun- ^ 
'nels. accelerators, occanographic vessels, and 
computers 

Current-fund expenditure's for capital 
equipment and facilities should be rejforted mtliis 
, section and should be excluded from Sections. A 
and B. Expenditures from plant and .other funds 
for facilities and equipment sfiould likewise be in- 
cluded in this section. ^ 
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Modificitions since the 1972 Survey 



Separate data for medical schools arc not 
required Please include medical school 
expen(Jitures as part of your institution 
total. 

State tunds that support research and de- 
velopment at agricultural experiment 
stations should be considered as State 
support rather than instilutions oun funds ' 

The foundation and voluntar>'health agency 
lines 'are now combined 

See page 4 for a more complete definition of 
unreimbursed indirect costs and an ex- 
ample of hou such a figure might be 
developed 

A list of Federally Funded Research and 
Development Centers is proN ided on page 3. 



6) "Computer Sciences" is requested as a 
separate component of Mathematical 
Sciences 

7) ^^Environmental Sciences" Is now identified 
separately for all expenditure data 

8) See page 4 for a definition of ddipartmental 
research 

9) Reporting of capital expenditures by type of 
* ex[ienditure is no longer required 

Ip) Report Item 3 in percents of the total rather 
than in actual dollars 

1 1) Item 4 now includes de\elopment 

1 2) A'n estimate of the indirect costs allocable to 
instruction and >lt.partmental research is no 
longer required 
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